
 

 

 University of Groningen

Primary aldosteronism is associated with decreased low-density and high-density lipoprotein
particle concentrations and increased GlycA, a pro-inflammatory glycoprotein biomarker
Berends, Annika M. A.; Buitenwerf, Edward; Gruppen, Eke G.; Sluiter, Wim J.; Bakker,
Stephan J. L.; Connelly, Margery A.; Kerstens, Michiel N.; Dullaart, Robin P. F.
Published in:
Clinical Endocrinology

DOI:
10.1111/cen.13891

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Berends, A. M. A., Buitenwerf, E., Gruppen, E. G., Sluiter, W. J., Bakker, S. J. L., Connelly, M. A.,
Kerstens, M. N., & Dullaart, R. P. F. (2019). Primary aldosteronism is associated with decreased low-
density and high-density lipoprotein particle concentrations and increased GlycA, a pro-inflammatory
glycoprotein biomarker. Clinical Endocrinology, 90(1), 79-87. https://doi.org/10.1111/cen.13891

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1111/cen.13891
https://research.rug.nl/en/publications/99852b0e-ac5d-4fa3-bc64-84ce66b25d6a
https://doi.org/10.1111/cen.13891


Clinical Endocrinology. 2019;90:79–87.	 wileyonlinelibrary.com/journal/cen	 	 | 	79© 2018 John Wiley & Sons Ltd.

 

Received:	29	August	2018  |  Revised:	17	October	2018  |  Accepted:	23	October	2018
DOI:	10.1111/cen.13891

O R I G I N A L  A R T I C L E

Primary aldosteronism is associated with decreased low‐
density and high‐density lipoprotein particle concentrations 
and increased GlycA, a pro‐inflammatory glycoprotein 
biomarker

Annika M. A. Berends1  | Edward Buitenwerf1 | Eke G. Gruppen1,2 | Wim J. Sluiter1 |  
Stephan J. L. Bakker2 | Margery A. Connelly3 | Michiel N. Kerstens1 | Robin P. F. Dullaart1

Berends and Buitenwerf equally contributed to the study.

1Department	of	Endocrinology,	University	
of	Groningen,	University	Medical	Center	
Groningen,	Groningen,	The	Netherlands
2Department	of	Nephrology,	University	
of	Groningen,	University	Medical	Center	
Groningen,	Groningen,	The	Netherlands
3Laboratory	Corporation	of	America®	
Holdings	(LabCorp),	Raleigh,	North	Carolina

Correspondence
Annika	M.	A.	Berends,	Department	of	
Endocrinology,	University	Medical	Center	
Groningen,	Groningen,	The	Netherlands.
Email:	m.a.berends@umcg.nl

Abstract
Background:	 Primary	 aldosteronism	 (PA)	may	 confer	 increased	 cardiovascular	 risk	
beyond	effects	on	systemic	blood	pressure,	but	contributing	mechanisms	remain	in‐
completely	understood.	We	compared	plasma	(apo)lipoproteins	and	lipoprotein	par‐
ticle	characteristics,	GlycA,	a	pro‐inflammatory	glycoprotein	biomarker	of	enhanced	
chronic	 inflammation,	and	plasma	total	branched‐chain	amino	acids	(BCAA),	meas‐
ured	using	nuclear	magnetic	resonance	(NMR)	spectroscopy,	between	patients	with	
PA,	 control	 subjects	 without	 hypertension,	 subjects	 with	 untreated	 hypertension	
and	subjects	with	treated	hypertension.
Methods:	Twenty	PA	patients	were	individually	matched	with	2819	control	subjects	
without	hypertension,	501	subjects	with	untreated	hypertension	and	878	subjects	
with	treated	hypertension	participating	 in	the	PREVEND	(Prevention	of	Renal	and	
Vascular	End‐Stage	Disease)	cohort	study	with	respect	to	age,	sex,	body	mass	index,	
smoking	and	statin	use.	The	Vantera®	Clinical	Analyzer	was	used	to	determine	NMR‐
based	laboratory	parameters.
Results:	Total	cholesterol,	low‐density	lipoprotein	cholesterol	(LDL‐C),	high‐density	
lipoprotein	cholesterol	(HDL‐C),	apolipoprotein	(apo)	B,	apolipoprotein	A‐I	(apoA‐I),	
LDL	particle	and	HDL	particle	concentrations	were	all	decreased	in	PA	subjects	vs	
control	subjects	and	subjects	with	untreated	hypertension	(P	<	0.016).	Triglycerides	
(TG)	and	triglyceride‐rich	lipoprotein	(TRL)	concentrations	were	lower	in	PA	subjects	
vs	subjects	with	(untreated)	hypertension.	GlycA	was	increased	in	PA	vs	the	three	
comparator	groups	(P	<	0.016).	Total	BCAA	concentrations	were	unaltered	in	PA.
Conclusions: Primary aldosteronism is associated with lower concentrations of LDL 
and	HDL	particles	and	to	some	extent	also	with	lower	TG	and	TRL	particle	concentra‐
tions.	PA	is	also	characterized	by	increased	GlycA	levels,	 indicating	enhanced	low‐
grade	chronic	inflammation.	Low	HDL	particle	concentrations	and	increased	GlycA	
could	contribute	to	accelerated	cardiovascular	disease	development	in	PA.

www.wileyonlinelibrary.com/journal/cen
mailto:
http://orcid.org/0000-0002-8440-332X
mailto:m.a.berends@umcg.nl


80  |     BERENDS Et al.

1  | INTRODUC TION

Primary	aldosteronism	(PA),	due	to	autonomous	adrenal	aldosterone	
secretion,	is	considered	to	be	a	rather	frequent	cause	of	endocrine	
hypertension.1,2	During	the	past	few	years,	evidence	is	accumulating	
that the risk of cardiovascular morbidity and mortality is increased in 
PA	patients	compared	to	patients	with	essential	hypertension	even	
when	taking	account	of	the	systemic	blood	pressure	level.5,6	In	line,	
a recent meta‐analysis demonstrated a greater carotid artery intima 
media	 thickness,	 a	marker	of	 subclinical	 atherosclerosis,	 in	PA	pa‐
tients	compared	to	individuals	with	essential	hypertension.9

Besides	key	roles	in	regulating	electrolyte	and	fluid	balance,	al‐
dosterone	has	been	identified	to	exert	pro‐inflammatory	and	pro‐
fibrotic	 effects	 on	 arterial	 tissue	 and	 the	 heart,	 and	 to	 enhance	
circulating	levels	of	pro‐inflammatory	cytokines.10,11	Moreover,	PA	
may	be	associated	with	a	higher	prevalence	of	the	metabolic	syn‐
drome	(MetS).15,16	Elevated	fasting	glucose	levels	have	been	equiv‐
ocally	 reported	 in	 PA,6,7,17,18	 whereas	 several	 population‐based	
studies	 have	 suggested	 an	 association	 of	 higher	 plasma	 aldoste‐
rone	with	increased	prevalence	of	MetS	or	insulin	resistance.19,20 
Some	 reports	 have	 pointed	 to	 an	 association	 of	 high	 circulating	
aldosterone concentrations with decreased levels of high‐den‐
sity	 lipoprotein	 cholesterol	 (HDL‐C).13,15,19	 Remarkably	 however,	
plasma	 total	cholesterol	 (TC),	 low‐density	 lipoprotein	cholesterol	
(LDL‐C)	and	triglycerides	(TG)	were	documented	to	be	lower	in	PA	
patients	 compared	 to	 subjects	 with	 essential	 hypertension	 and	
normotensive	 control	 subjects,6,8 although unchanged levels of 
TC,	LDL‐C	and	TG	in	PA	have	been	found	in	other	studies.7,18,20,21 
Additionally,	HDL‐C	was	found	to	decrease,	whereas	triglycerides	
were increased after unilateral adrenalectomy or mineralocorticoid 
receptor	 antagonist	 treatment	 in	 PA.22	 Notably,	 circulating	 high	
sensitivity	C‐reactive	protein	 (hsCRP)	 levels	 reflecting	 low‐grade	
systemic inflammation have been variably shown to be unchanged 
or	elevated	in	PA	patients,	possibly	coinciding	with	increased	oxi‐
dative stress.13,21,23

Despite	ongoing	interest	in	pro‐atherogenic	alterations	in	met‐
abolic	 and	 inflammatory	 processes	 conveyed	 by	 PA,	 little	 is	 cur‐
rently	known	about	the	relationship	of	PA	with	possible	alterations	
in	 lipoprotein	particle	 characteristics.	 In	 this	 regard,	 it	 is	 relevant	
that	measurement	of	lipoprotein	particle	concentrations	by	nuclear	
magnetic	 resonance	 (NMR)	 spectroscopy	 may	 provide	 additional	
insight	 into	 the	 prediction	 of	 cardiovascular	 disease	 beyond	 con‐
ventional	lipid	measures.24,25	Of	further	note,	using	the	same	NMR	
spectroscopy‐based	 technique,	 an	 assay,	 designated	 GlycA,	 has	
been	developed,	which	represents	a	composite	marker	of	five	abun‐
dant	 inflammatory	glycoproteins.26,27 GlycA is strongly correlated 

with	hsCRP,	and	has	the	advantage	of	being	less	variable	within	in‐
dividual	 subjects	 compared	 to	hsCRP.26,27 GlycA has been shown 
to	be	elevated	 in	MetS,29,30	and	predicts	newly	developed	type	2	
diabetes	mellitus	(T2DM),31 as well as cardiovascular disease.32	The	
same	NMR	spectroscopy‐based	technique	enables	measurement	of	
plasma	concentrations	of	total	branched‐chain	amino	acids	(BCAA),	
that	is	valine,	leucine	and	isoleucine,	which	may	be	implicated	in	the	
pathogenesis	of	insulin	resistance	and	other	pathologies.33,34

We	initiated	the	present	study	to	determine	the	extent	to	which	
(apo)lipoproteins,	 lipoprotein	 particle	 concentrations,	 GlycA	 and	
BCAA,	as	determined	by	NMR	spectroscopy,	were	altered	 in	 indi‐
viduals	 with	 PA,	 compared	 to	 non‐hypertensive	 control	 subjects,	
subjects	with	untreated	hypertension	 and	 subjects	with	medically	
treated	 hypertension.	 The	 latter	 three	 groups	 of	 subjects	 were	
participants	 in	 the	 Prevention	 of	 Renal	 and	 Vascular	 End‐stage	
Disease	(PREVEND)	cohort	study,	representing	a	Dutch	cohort	re‐
cruited	 from	 the	 general	 population	 of	 the	 city	 of	Groningen,	 the	
Netherlands.

2  | SUBJEC TS AND METHODS

2.1 | Participants

All	 studies	 were	 performed	 in	 the	 University	 Medical	 Center	
Groningen,	the	Netherlands.

The	PA	group	consisted	of	23	subjects	with	biochemically	con‐
firmed	PA,	that	is	elevated	plasma	aldosterone‐renin	ratio	and	non‐
suppressible	 24‐hour	 urinary	 aldosterone	 excretion	 after	 a	 3‐day	
salt loading test.35	Venous	blood	samples	were	obtained	at	the	be‐
ginning	of	an	adrenal	venous	sampling	(AVS)	procedure	for	subtype	
classification.	The	subjects	included	in	this	PA	group	were	enrolled	
between	2008	and	2015.	The	PA	group	originally	 consisted	of	12	
men	 and	 11	 women.	 Three	 patients	 used	 metformin	 because	 of	
T2DM,	 four	 patients	 used	 a	 statin	 and	 two	patients	were	 current	
smokers.	The	three	diabetic	patients	were	excluded	from	the	anal‐
ysis in order to avoid bias due to concomitant effects of diabetes 
status	on	lipoprotein	characteristics	and	GlycA	levels.27,31	The	clini‐
cal	and	routine	laboratory	characteristics	of	the	20	PA	patients	used	
for	analysis	are	shown	in	Table	1.	In	the	PA	group,	the	plasma	renin	
concentration	(PRC)	was	2.5	[1.9‐2.7]	(ng/L),	serum	aldosterone	570	
[382‐843]	 (pmol/L)	 and	 the	 aldosterone/PRC	 ratio	 244	 [123‐407]	
(pmol/ng).	The	24‐hour	urinary	aldosterone	excretion	after	a	3	day	
salt	loading	test	was	(nmol/24	h)	78	[43‐110]	(upper	limit	of	normal	
<37.6	nmol/24	h).36	Based	on	the	AVS	procedure,	12	patients	were	
diagnosed	with	a	unilateral	aldosterone	producing	adenoma	and	8	
with	bilateral	adrenal	hyperplasia.

K E Y W O R D S

branched‐chain	amino	acids,	GlycA,	high‐density	lipoproteins,	lipid	protein	subfractions,	
low‐density	lipoproteins,	nuclear	magnetic	spectroscopy,	primary	aldosteronism
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The	blood	material	used	 for	 the	present	analysis	was	obtained	
in	the	fasting	state	during	routine	medical	care.	Consequently,	the	
studies	that	were	performed	in	the	PA	patients	were	exempted	for	
approval	 of	 the	medical	 ethics	 committee	 according	 to	 the	Dutch	
Medical	Research	Involving	Human	Subjects	Act.

In	order	to	compare	data	from	the	PA	group	with	appropriate	
comparator	groups,	three	groups	of	participants	in	the	PREVEND	
study	were	selected:	(a)	control	subjects	without	hypertension;	(b)	
subjects	with	untreated	hypertension;	and	(c)	subjects	with	treated	
hypertension.	 The	 latter	 group	 was	 included	 to	 take	 account	 of	
potential	 confounding	 due	 to	 antihypertensive	 treatment.	 The	
PREVEND	 study	 investigates	 vascular	 and	 renal	 damage	 among	
inhabitants	of	the	city	of	Groningen,	the	Netherlands,	in	a	predom‐
inantly	white	population.	Details	of	the	study	have	been	described	
elsewhere.28,31,32,37	 In	 short,	 after	 exclusion	 of	 subjects	with	 in‐
sulin‐treated	 diabetes	 and	 pregnant	 women,	 all	 subjects	 with	 a	
urinary	 albumin	 concentration	 ≥10	mg/L	 were	 invited	 to	 partic‐
ipate	 (n	=	7768),	 of	whom	6000	 accepted.	 In	 addition,	 a	 random	
sample	of	2592	 individuals	with	a	urinary	albumin	concentration	
<10	mg/L	was	 included.	 These	 8592	 subjects	 (aged	 28‐75	years)	
completed	the	baseline	survey	(1997‐1998).	The	second	screening	
round,	during	which	the	blood	samples	were	obtained	for	the	pres‐
ent	study,	took	place	between	2001	and	2003	(n	=	6894).	Plasma	
lipids,	 (apo)lipoproteins,	 lipoprotein	 particle	 concentrations,	 li‐
poprotein	sizes,	 the	 inflammation	marker,	GlycA	and	BCAA	were	
measured	 at	 this	 second	 screening	 round	 of	 the	 PREVEND	 pro‐
spective	cohort	study	in	5526	subjects	of	whom	samples	of	suffi‐
cient	quality	and	quantity	were	available.	We	excluded	PREVEND	
participants	with	T2DM	and	subjects	with	a	compromised	kidney	
function as indicated by an estimated glomerular filtration rate 
(eGFR)	 <60	mL/min/1.73	m2.	 First,	 differences	 between	 the	 PA	
group	and	the	three	separate	comparator	groups	were	determined.	
Second,	PA	patients	were	individually	matched	with	subjects	from	

the	 comparator	 groups	 to	 correct	 for	potential	 confounders.	 For	
each	 PA	 patient,	 we	 individually	matched	 control	 subjects	with‐
out	hypertension,	subjects	with	untreated	hypertension	(ie,	blood	
pressure	 >140/90	mm	Hg	 without	 the	 use	 of	 antihypertensive	
drugs)	and	subjects	with	treated	hypertension	(defined	as	the	use	
of	any	antihypertensive	drug	regardless	of	actual	blood	pressure),	
from	the	PREVEND	cohort	study	with	respect	to	sex,	age	(within	
5	years),	body	mass	index	(BMI;	within	5	kg/m2),	current	smoking	
(yes/no)	and	statin	use	(yes/no).	Note	that	as	a	consequence	of	the	
individual	matching	procedure,	control	subjects	without	hyperten‐
sion	and	subjects	with	(untreated)	hypertension	could	be	included	
more	than	once	in	the	comparisons	with	the	individual	PA	patients.	
Characteristics	of	the	PA	group	and	the	three	comparator	groups	
from	the	PREVEND	cohort	are	presented	in	Table	1.	In	total,	the	20	
PA	patients	were	matched	with	2819	control	subjects	without	hy‐
pertension,	501	untreated	hypertensive	subjects	and	878	subjects	
with	treated	hypertension.

2.2 | Procedures and data ascertainment

Body	 mass	 index	 was	 calculated	 as	 weight	 (in	 kg)	 divided	 by	
height	 squared	 (in	 metre).	 Smoking	 status	 was	 categorized	 as	
current	 (yes/no).	 In	 the	 PA	 subjects	 with	 PA,	 blood	 pressure	
was	on	the	right	arm	in	the	supine	position	using	a	sphygmoma‐
nometer	 during	 routine	 patient	 care.	 In	 PREVEND	 participants,	
blood	pressure	was	measured	on	the	right	arm,	in	the	supine	po‐
sition,	 every	minute	 for	 10	minutes	with	 an	 automatic	Dinamap	
XL	Model	9300	series	device	(Johnson‐Johnson	Medical,	Tampa,	
FL,	 USA).	 Hypertension	 was	 defined	 as	 a	 systolic	 blood	 pres‐
sure	 (SBP)	 >140	mm	Hg	 and/or	 a	 diastolic	 blood	 pressure	 (DBP)	
>90	mm	Hg	 (untreated	 hypertension	 group),	 or	 the	 use	 of	 an‐
tihypertensive	 drugs	 irrespective	 of	 the	 actual	 blood	 pressure	
(treated	 hypertension	 group).	 T2DM	 was	 defined	 as	 a	 fasting	

TA B L E  1  Clinical	and	laboratory	characteristics	of	primary	aldosteronism	patients	and	control	groups

Primary aldosteronism 
(n = 20)

Subjects without 
hypertension (n = 3876)

Subjects with untreated 
hypertension (n = 644)

Subjects with treated 
hypertension (n = 944)

Age	(y) 52.4	±	12.2 49.1	±	10.2 58.9	±	11.2 60.9	±	10.2**

Sex	(men/women) 9/11 1781/2095 385/259 494/450

Systolic	blood	pressure	(mm	Hg) 154	±	29 120	±	6*** 152	±	12 136	±	21**

Diastolic	blood	pressure	(mm	Hg) 90	±	13 72	±	4*** 84	±	8* 77	±	9***

BMI	(kg/m2) 27.7	±	4.2 25.7	±	3.8** 27.8	±	4.4 28.4	±	4.3

Current	smoking	(yes/no) 2/18 1186/2690 147/497 223/721

Statin	use	(yes/no) 1/19 131/3745 46/598 239/705

eGFR	(mL/min/1.73	m2) 90.5	±	19.7 97.2	±	13.8 89.2	±	14.5 85.9	±	14.0

Data	are	given	in	means	±	SD	or	in	numbers.
ARR,	aldosterone‐renin	ratio;	BMI,	body	mass	index;	eGFR,	estimated	glomerular	filtration	rate;	PRC,	plasma	renin	concentration;	SLT,	salt	loading	test.
P‐values	compared	to	the	primary	aldosteronism	group:
*P	<	0.016;	**P	<	0.01;	***P < 0.001. P‐values <0.016 are considered significant. 
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plasma	 glucose	 level	 >7.0	mmol/L,	 a	 non‐fasting	 plasma	 glucose	
level	 >11.1	mmol/L,	 self‐report	 of	 a	 physician	 diagnosis	 and/or	 
the	use	of	glucose	lowering	drugs,	retrieved	from	a	central	phar‐
macy	 registry.	 Information	 on	 self‐reported	 medication	 was	
combined	 with	 information	 from	 a	 pharmacy‐dispensing	 regis‐
try,	which	has	complete	information	on	drug	usage/consumption	
of	 >95%	 of	 subjects	 participating	 in	 PREVEND.28,31,32	 All	 par‐
ticipants	were	 instructed	 to	 let	 venous	blood	being	drawn	after	
an	 overnight	 fast.	 Blood	 samples	 were	 taken	 after	 15	minutes	 
rest.

2.3 | Laboratory methods

Ethylenediaminetetraacetic	 acid	 (EDTA)	 anti‐coagulated	 venous	
blood	 samples	 were	 prepared	 by	 centrifugation	 at	 1400	×	g for 
15	minutes	 and	 stored	at	−80°C	until	 assay.	Plasma	 samples	were	
sent	frozen	to	LabCorp,	Morrisville,	NC,	USA,	for	testing.

Nuclear	magnetic	resonance	spectra	were	acquired	on	a	Vantera® 
Clinical	Analyzer	from	EDTA	plasma	samples	as	previously	described	
for the NMR LipoProfile®	test	at	LabCorp	(Morrisville,	NC,	USA).38,39 
The	NMR MetaboProfile	analysis,	which	reports	 lipoprotein	particle	
concentrations	and	sizes,	as	well	as	concentrations	total	BCAA,	that	
is	the	sum	of	valine,	leucine,	and	isoleucine,	was	performed	using	the	
recently	developed	LP4	lipoprotein	profile	deconvolution	algorithm.	
Linear	 regression	 of	 the	 lipoprotein	 subclass	 signal	 areas	 against	
serum	lipid	and	apolipoprotein	levels	measured	chemically	in	a	large	
reference	range	study	population	(n	=	698)	provided	the	conversion	
factors	to	generate	NMR‐derived	concentrations	of	TC,	TG,	LDL‐C	
and	HDL‐C,	apolipoprotein	B	(apoB)	and	apolipoprotein	A‐I	(apoA‐I).	
The	inter‐assay	precision	for	these	parameters	ranges	from	1.4%	to	
6.2%.	NMR‐derived	concentrations	of	these	parameters	are	highly	
correlated (r	≥	0.95)	with	those	measured	by	standard	methods.

The	diameters	and	inter‐assay	precision	(%	coefficients	of	varia‐
tion	[CV])	for	the	lipoprotein	classes	reported	by	the	LP4	algorithm	
are	triglyceride‐rich	lipoprotein	particles	(TRL‐P;	24‐240	nm;	6.4%),	
LDL	 particles	 (LDL‐P;	 19‐23	nm;	 1.5%)	 and	HDL	 particles	 (HDL‐P;	
7.4‐12.0	nm;	2.4%).	Of	note,	LDL‐P	and	HDL‐P	generated	from	the	
LP4 algorithm have been calibrated to be closer to the absolute con‐
centrations	of	LDL	and	HDL	particles.	Consequently,	 the	LDL	and	
HDL	particle	concentrations	are	expected	to	be	on	average	higher	
and	lower,	respectively,	than	those	reported	by	the	previous	LP2	and	
LP3	algorithms.	Mean	TRL,	LDL	and	HDL	particle	sizes	are	weighted	
averages derived from the sum of the diameter of each subclass mul‐
tiplied	by	its	relative	mass	percentage.

The	 GlycA	 signal	 was	 quantified	 as	 previously	 described.26 
Briefly,	the	GlycA	NMR	signal	originates	from	highly	mobile	protons	
of the N‐acetylglucosamine moieties located on the carbohydrate 
side‐chains	of	circulating	acute	phase	proteins	(ie,	α1‐acid	glycopro‐
tein,	 haptoglobin,	 α1‐antitrypsin,	 α1‐antichymotrypsin	 and	 trans‐
ferrin).	The	signals	from	these	N‐acetyl	methyl	group	protons	were	
used	to	calculate	 the	concentrations	of	GlycA	 (µmol/L).	The	 intra‐
assay	and	 inter‐assay	CVs	for	 the	GlycA	assay	are	1.9%	and	2.6%,	
respectively.26,28	 Details	 for	 the	 quantification	 of	 the	 BCAA	 have	

been	 previously	 reported.34,40	 The	 inter‐assay	 CVs	 for	 the	 BCAA	
measurements	are	3.1%	for	valine,	5.9%	for	leucine	14.1%	for	isole‐
ucine	and	3.2%	for	total	BCAA.34

Plasma	aldosterone	was	assayed	with	a	competitive	 fixed‐time	
solid‐phase	Radioimmunoassay	(RIA)	as	described	(Coat‐a‐Count®;	
Siemens	Medical	Solutions	Diagnostics,	Erlangen,	Germany).36	PRC	
was	 measured	 with	 an	 immunoradiometric	 renin	 assay	 (Renin	 III	
Generation®;	 Cisbio,	 Codolet,	 France).36	 Other	 biochemical	 tests	
were	performed	by	 routine	 laboratory	procedures.	 eGFR	was	 cal‐
culated	 applying	 the	 creatinine‐based	 Chronic	 Kidney	 Disease	
Epidemiology	Collaboration	Equation.41

2.4 | Statistical analysis

IBM	SPSS	 software	 (version	 23.0	 IBM	Corp,	Armonk,	NY,	USA)	
was	 used	 for	 data	 analysis.	 Data	 are	 given	 in	 means	±	SD,	 me‐
dians	 (interquartile	 ranges)	 or	 in	 numbers	 (percentages).	 The	
difference	 in	various	variables	 in	the	PA	group	compared	to	the	
matched	 control	 subjects	 without	 hypertension,	 subjects	 with	
untreated	hypertension	 and	 subjects	with	 treated	hypertension	
was	 expressed	 as	 differences	 in	 SD‐scores	 (Z‐scores).	 Since	we	
performed	 three	 independent	 comparisons,	 the	 threshold	 for	
statistical	 significance	was,	 therefore,	 set	at	 two‐sided	P‐values 
<0.05/3	=	<0.016.

3  | RESULTS

Table	2	shows	plasma	lipids	and	(apo)lipoproteins,	lipoprotein	particle	
concentrations	and	sizes,	GlycA	and	BCAA	in	the	PA	group	(n	=	20)	
in	comparison	with	three	groups	of	unmatched	control	subjects	with‐
out	 hypertension	 (n	=	3876),	 subjects	with	 untreated	 hypertension	
(n	=	644)	and	subjects	with	treated	hypertension	(n	=	944).	Plasma	TC	
and	LDL‐C	were	lower	in	the	PA	group	compared	to	the	three	com‐
parator	groups.	In	line	with	lower	LDL‐C,	also	LDL‐P	and	apoB	were	
lower	in	the	PA	group	compared	to	all	comparator	groups.	HDL‐C	was	
lower	in	the	PA	group	compared	to	the	normotensive	and	untreated	
hypertensive	control	groups	as	was	apoA‐I.	HDL‐P	was	lower	in	the	
PA	group	compared	to	all	control	groups.	Lipoprotein	particle	sizes	
were	not	different	between	the	groups.	GlycA	was	higher	in	the	PA	
group	compared	to	the	control	group	of	subjects	without	hyperten‐
sion.	The	total	BCAA	concentration	was	not	different	in	the	PA	group	
compared	 to	 the	 three	 comparator	 groups,	 although	 leucine	 was	
lower	in	PA	vs	(untreated)	hypertension.

Table	 3	 demonstrates	 the	 comparison	 between	 the	 PA	 group	
and	three	matched	groups	of	control	subjects	without	hypertension	
(n	=	2819),	 subjects	with	 untreated	 hypertension	 (n	=	501)	 and	 sub‐
jects	with	treated	hypertension	(n	=	878).	Plasma	TC	and	LDL‐C	were	
lower	in	the	PA	group	vs	the	three	comparator	groups.	HDL‐C	was	also	
decreased	in	the	PA	group,	although	the	difference	with	the	group	of	
subjects	with	treated	hypertension	did	not	reach	significance.	In	line	
with	lower	LDL‐C	and	HDL‐C,	respectively,	apoB	and	apoA‐I	were	also	
lower	in	the	PA	group.	Consistent	with	lower	LDL‐C	and	apoB,	LDL‐P	
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was	decreased	 in	the	PA	group.	Furthermore,	consistent	with	 lower	
HDL‐C	 and	 apoA‐I,	 HDL‐P	was	 decreased	 in	 the	 PA	 group	 as	well.	
However,	neither	LDL	nor	HDL	size	was	altered	in	PA	patients.	Plasma	
TG	concentrations	were	lower	in	the	PA	group	vs	the	group	of	subjects	
with	untreated	hypertension,	whereas	TRL‐P	was	decreased	in	PA	vs	
subjects	with	untreated	and	treated	hypertension.	TRL	size	was	also	
decreased	in	PA	subjects	vs	subjects	with	treated	hypertension.

GlycA	was	 increased	 in	 the	 PA	 group	 vs	 the	 three	 compara‐
tor	groups	(Table	4).	Plasma	total	BCAA	were	not	different	in	the	
PA	group	 vs	 the	 three	 comparator	 groups,	 although	PA	patients	
showed an increase in isoleucine vs the subjects with treated hy‐
pertension,	whereas	 leucine	was	 lower	 in	PA	patients	vs	control	
subjects	without	hypertension	and	subjects	with	untreated	hyper‐
tension	(Table	4).

4  | DISCUSSION

The	present	 study	 is	 the	 first	 to	 compare	 a	 comprehensive	 set	 of	
(apo)lipoproteins,	 lipoprotein	 particle	 characteristics	 and	 other	
metabolic	 variables	 between	 PA	 patients,	 normotensive	 control	
subjects	 and	 subjects	 with	 treated	 and	 untreated	 hypertension,	
using	 novel	 NMR	 spectroscopy‐based	 methodology.	 The	 applica‐
tion	of	such	techniques	enables	measurement	of	lipoprotein	particle	

concentrations,	 as	well	 as	GlycA,	 a	 pro‐inflammatory	 glycoprotein	
biomarker,	and	BCAA	obtained	from	the	same	NMR	spectra	without	
the	need	to	suppress	protein	and	other	signals.26,34,38,39,42

Previous	studies	on	conventional	circulating	lipoprotein	levels	
have	 variably	 reported	 lower	or	 unchanged	 levels	 of	 plasma	TC,	
LDL‐C	and	TG,	in	addition	to	decreased	or	unaltered	HDL‐C	in	PA	
compared	to	healthy	subjects	or	subjects	with	essential	hyperten‐
sion.6,8,18,20,21	 In	 one	 of	 these	 studies,	 lower	 TC,	 LDL‐C	 and	 TG	
levels	in	PA	patients	compared	to	normotensive	and	hypertensive	
control	subjects	were	suggested	to	be	in	part	attributable	to	mea‐
surement	 of	 lipoproteins	 in	 the	 non‐fasting	 state	 of	 the	 control	
subjects included.3	Here,	we	show	that	plasma	TC,	LDL‐C,	HDL‐C,	
apoB,	 apoA‐I,	 LDL	 particle	 and	 HDL	 particle	 concentrations	 in	
the fasting state are all decreased in PA vs control subjects and 
subjects	 with	 untreated	 hypertension,	 with	 most	 of	 these	 (apo)
lipoprotein	variables	 also	being	decreased	 compared	 to	 subjects	
with	 treated	 hypertension.	 In	 addition,	 plasma	 TG	 and	 TRL	 par‐
ticle	 concentrations	 were	 decreased	 in	 PA	 compared	 to	 several	
comparator	groups.	The	decrements	in	LDL	and	HDL	particle	con‐
centrations	did	not	result	 in	changes	in	the	mean	particle	diame‐
ter	of	 these	 lipoproteins,	 supporting	 the	possibility	 that	PA	may	
result	 in	 a	 general	 reduction	 in	 these	 lipoprotein	 fractions.	 The	
mechanisms	responsible	for	these	PA‐associated	changes	in	lipo‐
protein	metabolism	are	unclear	at	present.	Circulating	lipoproteins	

TA B L E  2  Distribution	of	lipoprotein,	branched‐chain	amino	acids	and	GlycA	in	the	control	groups

Primary aldosteronism 
(n = 20)

Subjects without hyperten‐
sion (n = 3876)

Subjects with untreated 
hypertension (n = 644)

Subjects with treated 
hypertension (n = 944)

Total	cholesterol	
(mmol/L)

3.99	±	0.94 4.97	±	0.89*** 5.23	±	0.76*** 5.05	±	0.90***

LDL‐C	(mmol/L) 2.22	±	0.75 2.92	±	0.76*** 3.11	±	0.75*** 2.99	±	0.75***

HDL‐C	(mmol/L) 1.15	±	0.03 1.62	±	0.32** 1.31	±	0.32* 1.29	±	0.31

Triglycerides	(mmol/L) 1.04	±	0.70 1.19	±	0.76 1.51	±	1.12** 1.46	±	1.00**

apoB	(g/L) 0.71	±	0.21 0.89	±	0.23*** 0.97	±	0.23*** 0.93	±	0.22***

apoA‐I	(g/L) 1.17	±	0.24 1.33	±	0.22** 1.31	±	0.23* 1.28	±	0.23

TRL‐P	(nmol/L) 134.57	±	68.28 148.58	±	62.44 171.61	±	71.07** 163.81	±	63.25*

LDL‐P	(nmol/L) 1171.55	±	359.21 1468.88	±	373.43*** 1612.56	±	385.24*** 1555.58	±	371.27***

HDL‐P	(µmol/L) 18.50	±	3.04 21.29	±	2.67*** 21.42	±	2.75*** 20.91	±	2.83***

TRL	size	(nm) 44.56	±	5.68 44.97	±	8.05 47.81	±	9.50 47.81	±	9.23

LDL	size	(nm) 20.88	±	0.54 21.13	±	0.51 20.97	±	0.58 20.93	±	0.58

HDL	size	(nm) 9.08	±	0.64 9.01	±	0.46 8.89	±	0.45 8.91	±	0.44

GlycA	(µmol/L) 389.50	±	69.43 340.98	±	57.30*** 361.02	±	60.24 369.67	±	60.92

Total	BCAA	(µmol/L) 377.00	±	78.55 369.46	±	69.10 395.94	±	76.25 394.52	±	76.63

Valine	(µmol/L) 212.65	±	40.96 203.15	±	35.97 215.84	±	39.14 215.69	±	38.01

Isoleucine	(µmol/L) 49.75	±	17.43 42.00	±	14.28 47.04	±	17.40 45.85	±	17.40

Leucine	(µmol/L) 114.40	±	29.89 124.32	±	26.23 133.06	±	28.41** 132.97	±	29.94**

Data	are	given	in	mean	±	SD.
apo,	apolipoprotein;	BCAA,	branched‐chain	amino	acids;	HDL,	high‐density	lipoprotein;	HDL‐C,	HDL	cholesterol;	HDL‐P,	HDL	particles;	LDL	low‐den‐
sity	lipoproteins,	LDL‐C,	LDL	cholesterol;	LDL‐P,	LDL	particles;	TRL,	triglyceride‐rich	lipoproteins,	TRL‐P,	TRL	particles.
P‐values	compared	to	the	primary	aldosteronism	group:
*P	<	0.016;	**P	<	0.01;	***P < 0.001. P‐values <0.016 are considered significant. 
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may	contribute	adrenal	steroidogenesis,	but	it	seems	unlikely	that	
increased	 adrenal	 aldosterone	 production	 in	 PA	would	 result	 in	
lower	 LDL	 and	HDL	particle	 concentrations.35	 Liver	X	 receptors	
(LXR)	are	known	to	be	 influenced	by	the	renin‐angiotensin‐aldo‐
sterone	system,	but	it	is	unclear	whether	high	aldosterone,	or	sup‐
pressed	renin	as	 its	consequence,	may	directly	affect	 lipoprotein	
metabolism via LXR regulation.43

Decreased	 LDL,	 HDL	 and	 to	 some	 extent	 also	 TRL	 particle	
concentrations	are	unexpected	 in	 the	 light	of	a	possible	 increased	
prevalence	of	MetS	and	 impaired	 insulin	sensitivity	 in	PA.16,17,44	 In	
comparison,	plasma	TG	levels	are	elevated	in	subjects	with	endog‐
enous	 glucocorticoid	 excess,	which	 results	 in	 lower	 hepatic	 lipase	
activity	 in	 post‐heparin	 plasma	 as	 well	 in	 downregulation	 of	 cho‐
lesteryl	ester	 transfer	protein,	 thereby	at	 least	 in	part	maintaining	
HDL‐C.45,46	Taken	 together,	 the	present	 study	 suggests	 that	PA	 is	

characterized	by	a	remarkable,	if	not	unique,	lipoprotein	profile	that	
consists	of	decreases	in	both	LDL	and	HDL	particles	without	affect‐
ing	TRL.

The	GlycA	signal	originates	from	methyl	groups	of	N‐acetylglu‐
cosamine	 (GlcNAc)	 containing	 carbohydrate	 side‐chains	 of	 several	
abundant	 glycoproteins,	 and	 GlycA	 measures	 the	 glycan	 content	
of	 proteins,	 not	 the	 protein	 concentrations	 as	 such.26,27	 Only	 the	
GlcNAc	moieties	 in	 β(1	→	2)	 or	 β(1	→	6)	 linkage	 with	 a	 preceding	
mannose	give	rise	to	the	GlycA	NMR	signal.26	During	the	past	few	
years,	 evidence	 has	 accumulated	 that	GlycA	 associates	with	 insu‐
lin	 resistance	 and	 MetS,	 predicts	 the	 development	 of	 new	 onset	
T2DM	even	when	taking	account	of	hsCRP	levels	and	relates	to	the	
cardiovascular	 risk	 marker,	 lipoprotein‐associated	 phospholipase	
A2.27,29‐31,46‐48	GlycA	has	been	shown	to	predict	the	atherosclerotic	
cardiovascular	disease	in	population‐based	cohorts	and	in	high‐risk	

TA B L E  3  Differences	in	plasma	lipids	and	(apo)lipoproteins,	lipoprotein	particle	concentrations	and	sizes	in	primary	aldosteronism	
patients	compared	to	matched	normotensive	control	subjects,	subjects	with	untreated	hypertension	and	subjects	with	treated	hypertension

Subjects without hypertension 
(n = 2819)

Subjects with untreated hypertension 
(n = 501)

Subjects with treated 
hypertension (n = 878)

Total	cholesterol	(mmol/L) −1.66	(−2.60	to	−0.72)*** −1.62	(−2.48	to	−0.76)*** −1.51	(−2.03	to	−0.98)****

LDL‐C	(mmol/L) −1.12	(−1.54	to	−0.69)**** −1.17	(−1.68	to	−0.66)**** −1.36	(−1.91	to	−0.80)****

HDL‐C	(mmol/L) −0.67	(−1.20	to	−0.14)* −0.83	(−1.44	to	−0.23)** −0.59	(−1.41	to	0.23)

Triglycerides	(mmol/L) −0.23	(−0.75	to	0.29) −0.57(−0.96	to	−0.17)** −0.31	(−0.83	to	0.21)

apoB	(g/L) −0.94	(−1.31	to	−0.57)**** −1.21	(−1.82	to	−0.60)*** −1.26	(−1.77	to	−0.76)****

apoA‐I	(g/L) −0.69	(−1.22	to	−0.15)* −0.75	(−1.37	to	−0.12)* −0.89	(−1.54	to	−0.25)**

TRL‐P	(nmol/L) −0.35	(−0.81	to	0.11) −0.48	(−0.94	to	−0.01)* −0.51(−0.95	to	−0.08)*

LDL‐P	(nmol/L) −0.94	(−1.35	to	−0.54)**** −1.15	(−1.72	to	−0.58)**** −1.29	(−1.85	to	−0.74)****

HDL‐P	(µmol/L) −1.09	(−1.59	to	−0.58)**** −1.05	(−1.66	to	−0.44)*** −1.44	(−2.55	to	−0.33)*

TRL	size	(nm) −0.24	(−0.61	to	0.13) −0.30	(−0.59	to	−0.01) −0.37	(−0.62	to	−0.12)**

LDL	size	(nm) −0.63	(−1.22	to	−0.04)* −0.37	(−0.87	to	0.13) −0.41	(−1.03	to	0.22)

HDL	size	(nm) 0.44	(−0.39	to	1.28) 0.34	(−0.28	to	0.96) 0.35	(−0.30	to	1.01)

Differences	of	the	primary	aldosteronism	group	with	three	control	groups	are	given	as	standard	deviation	scores	(Z‐scores)	with	corresponding	95%	
confidence intervals.
apo,	apolipoprotein;	HDL,	high‐density	lipoprotein;	HDL‐C,	HDL	cholesterol;	HDL‐P,	HDL	particles;	LDL,	low‐density	lipoproteins,	LDL‐C,	LDL	choles‐
terol;	LDL‐P,	LDL	particles;	TRL,	triglyceride‐rich	lipoproteins,	TRL‐P,	TRL	particles.
P‐values	compared	to	the	primary	aldosteronism	group:
*P	<	0.05;	**P	<	0.016;	***P	<	0.01	****P < 0.001 are considered significant. 

TA B L E  4  GlycA,	branched‐chain	amino	acids	(BCAA),	valine,	isoleucine	and	leucine	in	primary	aldosteronism	patients	compared	with	
matched	normotensive	control	subjects,	subjects	with	untreated	hypertension	and	subjects	with	treated	hypertension

Comparison with control subjects 
without hypertension (n = 2819)

Comparison with subjects with 
untreated hypertension (n = 501)

Comparison with subjects with 
treated hypertension (n = 878)

GlycA	(µmol/L) 0.93	(0.46‐1.40)*** 0.78	(0.21‐1.39)** 0.57	(0.06‐1.07)*

Total	BCAA	(µmol/L) −0.13	(−0.76	to	0.51) −0.11	(−0.62	to	0.39) 0.09	(−0.52	to	0.71)

Valine	(µmol/L) 0.08	(−0.50	to	0.66) 0.10	(−0.42	to	0.61) 0.31	(−0.34	to	0.97)

Isoleucine	(µmol/L) 0.36	(−0.32	to	1.04) 0.92	(−0.20	to	2.05) 0.67	(0.13	to	1.20)*

Leucine	(µmol/L) −0.69	(−1.32	to	−0.06)* −0.61	(−1.08	to	−0.14)* −0.49	(−1.07	to	0.09)

Differences	of	the	primary	aldosteronism	group	with	three	control	groups	are	given	as	standard	deviation	scores	(Z‐scores)	with	corresponding	95%	
confidence intervals.

*P	<	0.05;	**P	<	0.016;	***P	<	0.01;	****P < 0.001 are considered significant. 
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patient	groups,	even	independent	of	eGFR	and	urinary	albumin	ex‐
cretion.32,49‐51	GlycA	also	predicts	hospitalization	for	heart	failure.51 
Of	 further	 relevance,	one	of	 the	acute	phase	proteins	captured	 in	
the	GlycA	 signal,	 alpha‐1‐acid	 glycoprotein,	 has	 been	 identified	 as	
a	marker	of	 all‐cause	mortality	 in	 the	 general	 population.51	 In	 the	
PREVEND	cohort,	high	GlycA	levels	were	associated	with	reduced	
life	expectancy	(Gruppen	et	al	this	paper).	Collectively,	the	present	
findings showing an increase in GlycA in PA consents with the no‐
tion that this condition gives rise to a state of low grade enhanced 
systemic inflammation.13,16	Hence,	 it	 is	 plausible	 to	 postulate	 that	
low‐grade systemic inflammation could contribute to the negative 
impact	of	PA	on	(cardiovascular)	morbidity.6,7

The	 BCAA,	 valine,	 leucine	 and	 isoleucine,	 are	 essential	 amino	
acids	that	not	only	regulate	protein	production	and	catabolism	but	
are also involved in glucose metabolism.33,34,40,52,53	BCAA	may	be	
implicated	in	the	development	of	insulin	resistance	by	enhancing	mi‐
tochondrial	stress.	On	the	other	hand,	insulin	resistance	itself	could	
elicit	 higher	 fasting	 BCAA	 levels.54	 Using	 the	 same	 NMR‐based	
technique,	 we	 recently	 reported	 elevated	 BCAA	 levels	 in	 T2DM	
and	 MetS,	 and	 observed	 a	 positive	 association	 of	 carotid	 intima	
media	thickness	with	BCAA.35	In	the	present	study,	no	alterations	in	
plasma	total	BCCA	were	observed	in	PA	vs	the	various	comparator	
populations.	This	makes	an	important	contribution	of	abnormalities	
in	BCAA	metabolism	on	possible	 cardiometabolic	 abnormalities	 in	
PA unlikely.

The	present	study	has	strengths	and	limitations.	We	excluded	
three	 PA	 patients	 with	 T2DM.	 Consequently,	 we	 also	 excluded	
PREVEND	 subjects	 with	 T2DM.	 Additionally,	 PREVEND	 partic‐
ipants	with	 compromised	 kidney	 function	were	 excluded.	 These	
exclusion	criteria	were	applied	in	order	to	circumvent	bias	due	to	
diabetes‐ and chronic kidney disease‐associated alterations in li‐
poprotein	variables,	GlycA	and	BCAA	 in	 the	various	 comparator	
groups.	Furthermore,	although	the	PA	group	studied	was	moder‐
ately	sized,	these	patients	were	individually	matched	with	a	con‐
siderable	 number	 of	 PREVEND	 participants.	 This	 approach	 was	
chosen	to	increase	statistical	power	in	comparing	lipoprotein	vari‐
ables,	GlycA	and	BCAA	levels	in	PA	patients	with	control	subjects	
without	 hypertension	 and	 subjects	 with	 (treated)	 hypertension.	
However,	it	should	be	appreciated	that	we	did	not	aim	to	compare	
the	presently	studied	NMR‐based	variables	between	these	three	
comparator	 groups.	 In	 view	of	 the	 set‐up	 of	 the	 present	 report,	
fasting	plasma	glucose	and	insulin	levels	were	not	available	in	PA	
patients,	obviating	the	ability	to	demonstrate	differences	in	insulin	
resistance and β‐cell	 function	between	PA	patients	and	the	vari‐
ous	comparator	groups.	Additionally,	co‐secretion	of	cortisol	was	
not	 formally	 excluded	 in	 PA	 patients.	 Theoretically,	 cortisol	 co‐
secretion	 could	have	 influenced	 lipoprotein	profiles.	Most	 likely,	
however,	co‐secretion	of	cortisol	would	have	resulted	in	increased	
levels	 of	 LDL	 cholesterol	 and	 triglycerides,	 contrasting	with	 our	
findings	 of	 significantly	 lower	 levels	 of	 LDL	 particle	 concentra‐
tion	and	LDL‐C	as	well	as	a	tendency	towards	lower	levels	of	tri‐
glycerides.55,56	It	should	also	be	noted	that	the	PA	patients	were	of	
north	European	descent	as	were	far	most	PREVEND	participants.	

The	present	 findings,	 therefore,	do	not	necessarily	hold	 true	 for	
non‐white	ethnicities.	Finally,	the	moderate	number	of	PA	patients	
included	in	this	report	did	not	allow	to	provide	meaningful	analysis	
regarding	 possible	 differences	 in	NMR‐based	 variables	 between	
patients	with	a	unilateral	aldosterone	producing	adenoma	and	pa‐
tients	with	bilateral	adrenal	hyperplasia.57

In	conclusion,	the	present	report	demonstrates	that	PA	is	asso‐
ciated	with	decreases	in	plasma	total	cholesterol,	LDL	cholesterol,	
HDL	cholesterol,	apolipoprotein	B	and	A‐I,	as	well	as	 in	LDL	and	
HDL	particle	concentrations	and	to	some	extent	also	with	 lower	
TG	and	TRL	particle	concentrations.	This	suggests	that	PA	is	fea‐
tured	 by	 a	 rather	 unique	 lipoprotein	 profile.	 Furthermore,	 PA	 is	
characterized	by	increased	GlycA	levels,	indicating	enhanced	low‐
grade	chronic	inflammation.	Low	HDL	particle	concentrations	and	
increased	GlycA	could	contribute	to	accelerated	development	of	
atherosclerotic cardiovascular disease in PA.
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