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Abstract
Background: We	validated	 the	performance	of	 seven	different	 reagents	of	peroxi-
dase	method	 for	 sdLDL-C	 in	 two	automatic	analyzers	 that	are	common	 in	Chinese	
laboratories.
Methods: Seven	 commercially	 available	 sdLDL-C	 assays	 were	 analyzed	 with	 the	
Beckman	AU5400	and	Mindray	BS2000	automatic	analyzers.	A	 total	of	336	blood	
samples were collected and the reference interval was also validated in 298 appar-
ently healthy individuals. Serum samples were used for method comparison of preci-
sion,	recovery,	lower	limit	of	detection,	comparison	and	concurrence	analysis,	as	well	
as reference interval for the Mindray reagent.
Results: The	 repeatability	 CV%	 of	 the	 seven	 sdLDL-C	 assays	 were	 0.81%~3.66%	
for	Mindray	BS2000	 and	0.76%~3.91%	 for	Beckman	AU5400,	while	Total	CVs	 for	
Mindray	BS2000	sdLDL-C	assay	were	1.34%~4.81%,	and	that	of	Beckman	AU5400	
were	2.25%~10.33%.	The	measured	 recovery	 rates	of	 sdLDL-C	assays	were	within	
the	allowable	±10%	deviation	range.	There	was	no	obvious	difference	between	the	
reagents in the lower limit detection. There was a difference between the validation 
results	of	 the	 reference	range	and	the	manufacturer's.BSBE,	Mindray,	and	Dongou	
had	 a	 high	 degree	of	 association	with	DENKA	SEIKEN	on	Mindray	BS2000,	while	
BSBE,	 Mindray,	 Dongou	 and	Merit	 Choice	 had	 a	 high	 degree	 of	 association	 with	
DENKA	SEIKEN	on	Beckman	AU5400.	Passing–Bablok	regression	showed	excellent	
linear	correlation	between	BSBE	and	Mindray	and	DENKA	SEIKEN	and	on	Beckman	
AU5400.
Conclusions: Our	 results	 indicate	 that	 the	basic	performance	can	meet	 the	 testing	
requirements,	but	the	comparability	between	them	is	still	insufficient.

K E Y W O R D S
method	comparison,	peroxidase	method,	reference	interval,	small	and	dense	low	density	
lipoprotein cholesterol

www.wileyonlinelibrary.com/journal/jcla
https://orcid.org/0000-0001-6623-8650
mailto:
https://orcid.org/0000-0003-4833-8708
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yuanhuimango@126.com


2 of 11  |     XUESONG Et al.

1  |  INTRODUC TION

Low-density	 lipoprotein	 cholesterol	 (LDL-C)	 is	 heterogeneous	 and	
consists	of	a	series	of	particles	with	different	size,	density	and	chem-
ical	composition.	LDL-C	as	a	traditional	risk	factor	of	atherosclerosis,	
has been shown to be closely related to cardiovascular and cerebro-
vascular disease.1	Many	guidelines	recommend	LDL-C	as	a	lipid-low-
ering target.2	However,	it	can	be	seen	that	many	patients	still	have	
acute	cardiovascular	and	cerebrovascular	events	even	though	LDL-C	
is	in	the	normal	range,	and	many	patients	still	have	the	disease	even	
though	they	use	statins	to	reduce	LDL-C	to	the	normal	range,	so	it	
is	insufficient	to	evaluate	the	risk	of	these	patients	only	with	LDL-C	
level.

Fisher	 first	 proposed	 in	 1983	 that	 LDL-C	 has	 heterogeneity,	
which	was	composed	of	particles	with	different	sizes	and	densi-
ties.3	LDL-C	was	divided	into	large	and	light	LDL-C	(large	buoyant	
low-density	lipoprotein	cholesterol,	lbLDL-C)	and	small	and	dense	
LDL-C	 (small	 buoyant)	 by	means	 of	 non-denaturing	 gradient	 gel	
scanning,	 and	 it	was	 confirmed	 that	 the	 latter	was	more	 closely	
related to the death of acute myocardial infarction.4 The detection 
of	sdLDL-C	 (small	dense	 low-density	 lipoprotein	cholesterol)	has	
received widespread attention in clinical and laboratory at home 
and	 abroad.	 The	 correlation	 between	 sdLDL-C	 and	 cardiovascu-
lar	events	risk	was	confirmed	by	ultracentrifugation,	gradient	gel	
electrophoresis,	 high-performance	 liquid	 chromatography,	 nu-
clear	magnetic	 resonance,	 and	heparin	magnesium	precipitation.	
However,	 these	 methods	 are	 expensive	 and	 time-consuming,	
which limit the clinical detection of a large number of specimens. 
Peroxidase	detection	method	is	easy	to	be	applied	in	clinical	labo-
ratory,	which	provides	the	possibility	for	clinical	routine	detection	
of	sdLDL-C.

The	 sdLDL-C	 reagent	 Denka	 Seiken	 was	 the	 first	 reagent	 ap-
proved	 by	 the	 Food	 and	 Drug	 Administration	 (FDA),	 and	 its	 per-
formance	has	been	verified.	BSBE	was	 the	 first	 sdLDL-C	 reagents	
registered	by	the	China	Food	and	Drug	Administration,	and	several	
studies	have	shown	an	association	between	CVD	and	sdLDL-C	using	
this	 reagent.	Furthermore,	our	 team	has	also	validated	the	perfor-
mance	 of	 five	 other	 reagents	 which	 is	 Mindray,	 Medical	 System,	
Merit	Choice,	Dongou	and	Zybio	for	sdLDL-C	testing.	In	this	study,	
we	evaluate	 the	above	 seven	 reagents	on	 two	automatic	 analyzer	
that	 are	 common	 in	 Chinese	 laboratories.	 To	 our	 knowledge,	 this	
study	is	the	first	to	compare	these	assays	of	peroxidase	method	for	
sdLDL-C	measurement.

2  |  PATIENTS AND METHODS

2.1  |  Patients sample distribution

A	total	of	336	blood	samples	were	used	from	patients	in	June	2019	
at	Beijing	Anzhen	Hospital	Affiliated	to	Capital	Medical	University.	
These	 samples	 comprised	 193	 males	 and	 143	 females.	 The	 aver-
age	age	was	31	~	87	years	old	(57.33	±	10.56	years).	The	high-value	

samples	were	the	samples	of	patients	with	coronary	atherosclerosis,	
and 326 of them were selected from the comparison samples.

The reference interval was also validated in 298 apparently 
healthy	individuals	undergoing	medical	examination	at	the	same	pe-
riod.	According	 to	 the	prevention	and	 treatment	guide	of	Chinese	
adult	dyslipidemia	(2016	Edition),	the	inclusion	criteria	were:	blood	
glucose(Glu)<7.0mmol/L,	 total	 cholesterol	 (TC)<5.2	 mmol/L,	 tri-
glyceride	 (TG)<1.7	 mmol/L,	 high-density	 lipoprotein	 cholesterol	
(HDL-C)≥1.0	 mmol/L,	 low-density	 lipoprotein	 cholesterol	 (LDL-
C)<3.4mmol/L.	 Exclusion	 criteria:	 drug	 abuse,	 drugs	 affecting	 li-
poprotein	 metabolism,	 drugs	 for	 diabetes,	 hormone	 replacement	
therapy,	CAD/CHD,	diabetes,	 liver	disease,	kidney	disease,	cancer,	
hospitalization	within	6	months.

The blood samples were collected in serum separator tubes 
(VACUETTE®

,	Greiner	Bio-One	GmbH,	Austria)	and	centrifuged	at	
2860	rcf/g	for	10	minutes.	All	of	the	samples	were	stored	at	−80°C	
to ensure stability until the analysis time. This study was reviewed 
and	approved	by	the	local	Ethics	Committee	at	the	Beijing	Anzhen	
Hospital.	All	 of	 the	experimental	 samples	were	 collected	 from	 re-
sidual serum samples after routine clinical testing without informed 
consent.

2.2  |  Instrument and reagents

Seven	commercially	available	sdLDL-C	assays	were	analyzed	on	the	
Beckman	AU5400	(serial	number:1	679	334)	and	Mindray	BS2000	
(serial	 number:10.00.04.15569)	 automatic	 analyzer.	 Denka	 Seiken	
sdLDL-C	 reagent	 (Japan	 Bio	 Science	 Laboratory	 Co.,	 Ltd.,	 LOT:	
468	 091),	 BSBE	 sdLDL-C	 reagent	 (BSBE	 Co.,	 Ltd.,	 Beijing,	 China,	
LOT:	 18-0710),	Mindray	 sdLDL-C	 reagent	 (Mindray	 Co.,	 Ltd,	 LOT:	
148	519	001),	Medical	System	sdLDL-C	reagent	(Medical	System	Co.,	
Ltd,	LOT:	190	121	601),	Merit	Choice	sdLDL-C	reagent	(Merit	Choice	
Bioengineerign	 Co.,	 Ltd.,	 Beijing,	 China,	 LOT:190	 321),	 Dongou	
sdLDL-C	reagent	(Dongou	Co.,	Ltd,	LOT:	2019040019m0509),	Zybio	
sdLDL-C	reagent	(Zybio	Co.,	Ltd,	LOT:	190	501)	were	evaluated.	For	
each	 assay,	 the	 supplied	 reagents	 were	 used,	 and	 the	 calibration	
methods	 and	 experimental	 assays	 were	 performed	 based	 on	 the	
manufacturer's	 instructions.	All	samples	were	measured	only	after	
quality	control	was	measured	and	confirmed	to	fall	in	an	acceptable	
range.

2.3  |  Precision

In	accordance	with	the	NCCLS	EP5-A2	guideline	and	CLSI	EP15-A,	
precision	 verification	 of	 the	 seven	 sdLDL-C	 assays	 investigated	 in	
this	 study	was	performed.	The	 repeatability	 (coefficients	of	varia-
tion,	CV%)	was	evaluated	using	 two	 level	 residual	 serum	samples,	
and each determination was repeated for 20 times. Total assay preci-
sion	was	evaluated	using	two	different	level	residual	serum	samples,	
and a total of four replicates of each sample were measured for five 
consecutive days.
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2.4  |  Dilutional linearity

According	 to	 the	 requirements	 of	 CLSI	 EP6-A,	 dilutional	 linearity	
verification	was	performed	by	one	sample	of	high	value	 (H)	which	
was	 close	 to	 the	 upper	 limit	 concentration,and	 the	 other	 sample	
of	 low	value	 (L)	which	was	 the	blank	sample.	Seven	concentration	

of samples were prepared according to the following proportions 
(6L,	 1L	+	5h,	 2L	+	4h,	 3L	+	3h,	 4L	+	2h,	 5L	+	1H,	 6h).	 The	meas-
ured	results	(y)	and	the	theoretical	value	(x)	(deviation	should	be	less	
than	10%)	were	plotted	s	 for	visual	 inspection	and	analyzed	using	
linear regression analysis. The lower and upper linearity limits of 
DENKA	SEIKEN,	BSBE,	Mindray,	Zybio,	Dongou,	Merit	Choice	and	

TA B L E  1 The	Within-run	CV%	of	the	seven	different	sdLDL-C	assays

Machine Reagents
Detection 
times

x±SD, mmol/L CV Within-run,%

Low-concentration 
samples

High-concentration 
samples

Low-concentration 
samples

High-concentration 
samples

Mindray
BS2000

DENKA	SEIKEN 20 0.82 ± 0.02 1.50 ± 0.01 2.23 0.86

BSBE 20 0.84	±	0.01 1.29 ± 0.01 0.98 0.81

Mindray 20 0.89 ± 0.03 1.84	±	0.02 2.80 1.25

Zybio 20 0.82 ± 0.02 1.50 ± 0.01 2.23 0.86

Dongou 20 0.82 ± 0.03 1.85 ± 0.02 3.66 1.19

Merit Choice 20 0.96 ± 0.02 1.75	±	0.02 1.85 0.88

Medical System 20 0.85 ± 0.03 1.77	±	0.02 2.92 1.07

Beckman
AU5400

DENKA	SEIKEN 20 0.94	±	0.03 1.91 ± 0.02 2.75 0.93

BSBE 20 0.93 ± 0.03 1.87	±	0.02 3.31 1.14

Mindray 20 0.93 ± 0.02 1.90 ± 0.02 2.29 1.04

Zybio 20 1.02 ± 0.02 1.84	±	0.02 1.62 0.81

Dongou 20 0.94	±	0.04 1.88 ± 0.02 3.91 1.01

Merit Choice 20 1.31 ± 0.02 2.35 ± 0.02 1.80 0.76

Medical System 20 0.90 ± 0.01 1.40	±	0.02 1.07 1.13

Note: sdLDL-C	concentration	is	present	as	the	means	±	standard	deviations.	CV	Within-run	(%)	is	shown	as	the	percentage	of	the	coefficient	of	
variation.
Abbreviation:	CV,	coefficient	variation.

TA B L E  2 The	Total	CVs	of	the	seven	different	sdLDL-C	assays

Machine Reagents

x±SD, mmol/L CV total,%

Low-concentration 
samples

High-concentration 
samples

Low-concentration 
samples

High-concentration 
samples

Mindray
BS2000

DENKA	SEIKEN 0.44	±	0.01 1.18 ± 0.02 1.79 1.72

BSBE 0.45	±	0.01 1.17	±	0.02 2.09 1.96

Mindray 0.45	±	0.01 1.18 ± 0.03 2.01 2.89

Zybio 0.34	±	0.01 1.15 ± 0.03 2.49 2.42

Dongou 0.36 ± 0.01 1.18 ± 0.03 2.76 2.37

Merit Choice 0.40	±	0.01 1.34	±	0.03 2.61 2.38

Medical System 0.59 ± 0.03 1.10 ± 0.02 4.81 1.35

Beckman
AU5400

DENKA	SEIKEN 0.50 ± 0.02 1.30 ± 0.03 4.22 2.25

BSBE 0.49	±	0.02 1.27	±	0.05 4.31 3.85

Mindray 0.49	±	0.02 1.27	±	0.04 3.90 3.33

Zybio 0.49	±	0.05 1.49	±	0.04 10.33 2.54

Dongou 0.50 ± 0.02 1.52 ± 0.05 4.23 3.52

Merit Choice 0.61 ± 0.02 1.89 ± 0.06 3.43 2.93

Medical System 0.70	±	0.02 1.25	±	0.04 3.16 3.44

Note: sdLDL-C	concentration	is	present	as	the	means	±	standard	deviations.	The	total	CV	is	shown	as	the	percentage	of	the	coefficient	of	variation.
Abbreviation:	CV,	coefficient	variation.
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Medical	System	were	 (0.10	~	2.59	mmol/L),	 (0.104	~	2.59	mmol/L
),(0.104	~	2.59	mmol/L),(0.10	~	2.33	mmol/L),(0.15	~	2.69	mmol/L),	
(0.21	~	2.59	mmol/L),	(0.10	~	2.59mmol/L),	respectively.

2.5  |  Recovery

Add	 sample	H	 to	 sample	 L,	 and	 the	volume	of	 added	H	 is	 equal	
to	 10%	of	 the	 total	 volume	 (H	+	 L).	 L	 is	 a	 low-value	 serum,	 and	
H	 is	 a	 high-concentration	 standard	 sample	 close	 to	 the	 upper	
limit	of	50%~70%	of	the	analytical	measurement	range.	Recovery	
R=(VH × CH+L	+	VL ×CH+L-VL × CL)/(VH × CH)×100%.	The	measured	
results	shall	be	within	the	allowable	range,	and	the	deviation	shall	
not	exceed	10%.

2.6  |  Lower limit of detection

In	accordance	with	the	CLSI	EP17-A,	blank	samples	were	measured	
continuously	for	20	times	by	the	seven	sdLDL-C	assays	on	Beckman	

AU5400	 and	Mindray	 BS2000	 instruments.	 The	 average	 value	 of	
blank	samples,	added	with	3	times	standard	deviation,	was	the	de-
tection lower limit.

2.7  |  Interference test

According	to	the	EP07-P,	the	interferent	were	added	into	low-value	
mixed	serum	and	high-value	mixed	serum	respectively	to	make	inter-
ference	serum	containing	specific	quantitative	interferent.	The	final	
concentration	 of	 interfering	 serum	 vitamin	 C	 was	 25,	 50(mg/dL),	
chyle	was	300,	600(mg/dL),	hemoglobin	was	250,	500(mg/dL),	and	
bilirubin	was	25,	50	(mg/dL).	Seven	sdLDL-C	reagents	were	used	to	
measure the interferent serum containing different amount of inter-
ferent for three times respectively. The mean value was calculated. 
The	 percentage	 deviation	 (bias%)	 between	 the	 added	 interferent	
and	 the	non-added	 interferent	was	calculated.	Bias%	=	 (measured	
value	after	adding	interferent-measured	value	without	adding	inter-
ferent)/measured	value	without	adding	interferent	×	100%,	and	the	
bias%	shall	not	exceed	10%.

TA B L E  3 Linearity	of	the	seven	different	sdLDL-C	assays

Machine Reagents n a b R2
r
(95%CI) Average Bias,%

Linearity
,mmol/l

Mindray
BS2000

DENKA	SEIKEN 7 0.96 0.18 0.982 0.991
(0.984,0.999)

−19.88 0.067	~	2.460

BSBE 7 0.91 0.22 0.969 0.984
(0.969,0.998)

−18.72 0.071	~	2.533

Mindray 7 0.96 0.19 0.981 0.990
(0.984,0.999)

−23.25 0.057	~	2.404

Zybio 7 1.01 0.02 0.998 0.999
(0.999,1.000)

−4.81 0.082	~	1.625

Dongou 7 0.95 0.15 0.981 0.990
(0.982,0.999)

−16.84 0.070	~	2.223

Merit Choice 7 1.00 0.04 0.997 0.999a

(0.997,1.000)
−5.23 0.185	~	2.510

Medical System 7 0.98 0.05 0.999 0.999
(0.999,1.000)

−3.75 0.210	~	2.470

Beckman
AU5400

DENKA	SEIKEN 7 0.97 0.23 0.975 0.991
(0.984,0.999)

−24.11 0.065	~	2.742

BSBE 7 0.94 0.24 0.976 0.984
(0.968,0.998)

−24.36 0.067	~	2.617

Mindray 7 0.97 0.23 0.977 0.990
(0.984,1.000)

−25.48 0.062	~	2.674

Zybio 7 1.00 3E-05 1.000 0.999
(0.999,1.000)

−0.55 0.097	~	1.914

Dongou 7 0.98 0.17 0.983 0.990
(0.982,0.999)

−21.23 0.076	~	2.482

Merit Choice 7 0.97 0.23 0.977 0.999
(0.997,1.000)

−25.14 0.062	~	2.674

Medical System 7 0.98 0.04 0.999 0.999
(0.999,1.000)

−1.97 0.213	~	2.714

Note: 95%CI,	confidence	intervals	of	95%.	R2,	coefficient	of	correlation.	The	regression	line	equation	is	presented	as	y	=	ax+b.	A,	regression	line	slope.	
B,	regression	line	intercept.
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2.8  |  Reference interval for regent Mindray

The reference interval was validated in 298 apparently healthy in-
dividuals	according	to	CLSI	C28-A2.	If	all	the	test	results	are	within	
the	reference	range	stated	by	the	manufacturer,	or	only	5%	of	the	
results	are	beyond,	the	biological	reference	range	was	applicable.

2.9  |  Comparison and concurrence analysis

According	 to	 the	 CLSI	 EP9-A2,	 DENKA	 SEIKEN	 which	 was	 the	
first	registered	automated	homogenous	assay	in	FDA	and	showed	
excellent	 agreement	with	 classic	 sequential	 ultracentrifugation,5 

was	used	as	the	comparison	reagent	on	two	instruments,	Mindray	
BS2000	 and	 Beckman	 AU5400.	 Pearson's	 correlation	 coefcient	
was used as a rough estimate of the correlation among the assays. 
A	Pearson's	correlation	coefficient	<	0.95	indicated	a	low	degree	
of association between two assays. Concurrence among assays 
was	 evaluated	 using	 Passing	 and	 Bablok	 regression	 and	 Bland–
Altman	plot	analysis.

2.10  |  Statistics

All	statistical	analyses	were	performed	using	SPSS	22.0	(IBM	Inc,	
Armonk,	NY,	USA),	Microsoft	Excel	2017	(Microsoft	Corporation,	

TA B L E  5 Comparison	and	concurrence	analysis	of	the	six	different	sdLDL-C	assays	with	DENKA	SEIKEN

Machine
Comparison reagent
(vs. DENKA SEIKEN)

Pearson's correlation coefficient Passing and Bablok regression

R2

(p-value)
Intercept
(95%CI)

Slope
(95%CI)

Intercept
(95%CI)

Slope
(95%CI)

Mindray
BS2000

BSBE 0.999
(p	<	.0001)

0.02
(0.005	~	0.03)

0.99
(0.98	~	1.00)

0.01
(0.005	~	0.03)

0.99
(0.98	~	1.00)

Mindray 0.999
(p	<	.0001)

−0.003
(−0.02	~	0.10)

0.97
(0.96	~	0.98)

−0.004
(0.01	~	0.003)

0.97
(0.96	~	0.98)

Zybio 0.968
(p	<	.0001)

0.17
(0.11	~	0.22)

0.73
(0.69	~	0.76)

0.16
(0.09	~	0.21)

0.74
(0.70	~	0.78)

Dongou 0.971
(p	<	.0001)

0.04
(−0.03	~	0.10)

0.91
(0.86	~	0.95)

0.02
(−0.02	~	0.07)

0.92
(0.88	~	0.98)

Merit Choice 0.966
(p	<	.0001)

0.20
(0.14	~	0.27)

0.84
(0.80	~	0.89)

0.19
(0.10	~	0.25)

0.86
(0.81	~	0.91)

Medical System 0.836
(p	<	.0001)

0.34
(0.25	~	0.43)

0.51
(0.45	~	0.58)

0.26
(0.17	~	0.34)

0.56
(0.50	~	0.64)

Beckman
AU5400

BSBE 0.998
(p	<	.0001)

−0.008
(−0.03	~	0.01)

0.99
(0.97	~	1.00)

−0.006
(−0.01	~	0.04)

0.98
(0.97	~	0.99)

Mindray 0.999
(p	<	.0001)

−0.004
(−0.02	~	0.01)

0.99
(0.98	~	1.00)

−0.004
(−0.01	~	0.004)

0.99
(0.98	~	1.00)

Zybio 0.923
(p	<	.0001)

0.16
(0.05	~	0.27)

0.91
(0.83	~	0.98)

0.18
(0.08	~	0.25)

0.89
(0.83	~	0.94)

Dongou 0.978
(p	<	.0001)

0.04
(−0.02	~	0.11)

0.96
(0.92	~	1.00)

0.04
(−0.03	~	0.09)

0.97
(0.93	~	1.02)

Merit Choice 0.968
(p	<	.0001)

0.27
(0.19	~	0.36)

1.09
(1.03	~	1.15)

0.24
(0.13	~	0.33)

1.12
(1.06	~	1.19)

Medical System 0.826
(p	<	.0001)

0.37
(0.27	~	0.48)

0.53
(0.46	~	0.60)

0.29
(0.19	~	0.36)

0.59
(0.52	~	0.68)

F I G U R E  1 Comparison	of	sdLDL-C	values	obtained	with	the	six	different	sdLDL-C	assays	and	DENKA	SEIKEN	using	Passing	and	Bablok	
(PB)	regression	analysis	and	Bland–Altman	(BA)	plot	on	Mindray	BS2000.	In	the	Passing–Bablok	regression	analyses	the	orange	dotted	lines	
show	the	95%	confidence	interval	(CI);	the	orange	solid	lines	represent	the	identity	line	(X	=	Y);	the	blue	solid	lines	represent	the	Passing–
Bablok	regression	line.	In	the	Bland–Altman	plots	the	blue	solid	lines	show	the	mean	difference,	while	the	red	dotted	lines	show	the	mean	
difference	±	1.96	SD.	A,	Comparison	of	BSBE	and	Denka	Seiken	by	PB	on	Mindray	BS2000.	B,	Comparison	of	BSBE	and	Denka	Seiken	by	BA	
on	Mindray	BS2000.	C,	Comparison	of	Mindray	and	Denka	Seiken	by	PB	on	Mindray	BS2000.	D,	Comparison	of	Mindray	and	Denka	Seiken	
by	BA	on	Mindray	BS2000.	E,	Comparison	of	Zybio	and	Denka	Seiken	by	PB	on	Mindray	BS2000.	F,	Comparison	of	Zybio	and	Denka	Seiken	
by	BA	on	Mindray	BS2000.	G,	Comparison	of	Dongou	and	Denka	Seiken	by	PB	on	Mindray	BS2000.	H,	Comparison	of	Dongou	and	Denka	
Seiken	by	BA	on	Mindray	BS2000.	I,	Comparison	of	Merit	Choice	and	Denka	Seiken	by	PB	on	Mindray	BS2000.	J,	Comparison	of	Merit	
Choice	and	Denka	Seiken	by	BA	on	Mindray	BS2000.	K,	Comparison	of	Medical	System	and	Denka	Seiken	by	PB	on	Mindray	BS2000.	L,	
Comparison	of	Medical	System	and	Denka	Seiken	by	BA	on	Mindray	BS2000
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USA),	 and/or	 MedCalc	 statistical	 software	 (Broekstraat,	
Mariakerke,	 Belgium).	 Continuous	 data	 are	 presented	 as	 the	
means	±	standard	deviation.	Person	correlation	analysis	was	used	
to	analyze	correlation.	The	Pearson	r was used as a rough estimate 
of	the	correlation	among	assays.	 If	the	R2	<	0.95	in	the	linear	re-
gression	equation,	the	methods	were	not	comparable.	Concurrence	
among	assays	was	evaluated	using	Passing	and	Bablok	regression	
and	Bland–Altman	plot	analysis.	A	P	<	.05	was	considered	statisti-
cally significant.

3  |  RESULTS

3.1  |  Precision

The	repeatability	CV%	of	the	seven	sdLDL-C	assays	investigated	in	
this	study	were	0.81%~3.66%	for	Mindray	BS2000	and	0.76%~3.91%	
for	Beckman	AU5400	(Table	1),	which	were	less	than	the	manufac-
turers'	claim	(10%),	and	 less	than	the	LDL-C	repeatability	standard	
(<7.5%)	of	EQA	as	well	as	the	LDL-C	repeatability	standard	(<4%)	of	
blood	lipid	guide	[2016	blood	lipid	guide],	which	could	meet	the	clini-
cal application.

Total	CVs	for	Mindray	BS2000	sdLDL-C	assay	were	1.34%~4.80%	
(Table	 2),	 and	 that	 of	 Beckman	 AU5400	 were	 2.25%~10.33%	
(Table	 2),	 which	 were	 less	 than	 the	 manufacturers'	 claim	 (13%).	

Except	for	Zybio,	they	were	less	than	the	allowable	Total	CVs'	stan-
dard	of	LDL-C	 in	EQA	 (<10%)	and	 the	 standard	of	LDL-C	 in	blood	
lipid	guideline	[2016	blood	lipid	guide]	(<5.33%),	which	could	meet	
the clinical application.

3.2  |  Dilutional linearity

The	 determination	 coefficients	 of	 regression	 equation,	 R2 and 
lower	and	upper	linearity	for	the	assay	are	shown	in	table	3.	Visual	
inspection	 and	 regression	 analysis	 demonstrate	 that	 only	 Zybio	
and	Medical	 System	are	 linear	 over	 the	 range	 examined	both	 on	
Mindray	BS2000	and	Beckman	AU5400.	Merit	Choice	is	linear	over	
the	range	examined	on	Mindray	BS2000.

3.3  |  Recovery test

The	 average	 recovery	 rates	 of	 sdLDL-C	 assays	 for	 DENKA	
SEIKEN,	 BSBE,	 Mindray,	 Zybio,	 Dongou,	 Merit	 Choice	 and	
Medical	 System	 on	 Beckman	 AU5400	 were	 92.56%,	 92.33%,	
91.95%,	98.23%,	92.65%,	98.76%	and	98.33%	respectively.	The	
average	 recovery	 rates	 of	 sdLDL-C	 assays	 for	DENKA	 SEIKEN,	
BSBE,	Mindray,	Zybio,	Dongou,	Merit	Choice	and	Medical	System	
on	 Mindray	 BS2000	 were	 93.68%,	 92.29%,	 93.51%,	 93.51%,	

TA B L E  6 Bland–Altman	analysis	of	the	six	different	sdLDL-C	assays	with	DENKA	SEIKEN

Machine
Bland–Altman
(vs. DENKA SEIKEN) BSBE Mindray Zybio Dongou Merit Choice Medical System

Mindray
BS2000

Average	difference(%)
(95%CI)

−1.16
(−1.96~−0.36)

3.87
(3.38	~	4.37)

10.40
(6.15	~	14.65)

5.78
(3.04	~	8.52)

−5.14
(−9.52~−0.76)

15.00
(7.10	~	22.89)

Lower	limit
(95%CI)

−6.68
(−8.06~−5.30)

0.46
(−0.39	~	1.31)

−18.92
(−26.23~−11.60)

−13.12
(−17.84~−8.41)

−35.32
(−42.85~−27.79)

−39.45
(−53.03~−25.87)

Upper limit
(95%CI)

4.35
(2.98	~	5.73)

7.29
(6.44	~	8.14)

39.71
(32.40	~	47.02)

24.68
(19.97	~	29.40)

25.04
(17.51	~	32.57)

69.45
(55.87	~	83.03)

Beckman
AU5400

Average	difference(%)
(95%CI)

2.16
(1.58	~	2.74)

1.26
(0.77	~	1.75)

−7.14
(−11.61~−2.68)

0.06
(−2.83	~	2.95)

−30.85
(−35.11~−26.59)

11.23
(3.10	~	19.36)

Lower	limit
(95%CI)

−1.84
(−2.84~−0.84)

−2.11
(−2.95~−1.27)

−37.95
(−45.63~−30.26)

−19.89
(−24.87~−14.91)

−60.24
(−67.58~−52.91)

−44.85
(−58.84~−30.86)

Upper limit
(95%CI)

6.16
(5.16	~	7.15)

4.63
(3.79	~	5.47)

23.66
(15.98	~	31.35)

20.01
(15.04	~	24.99)

−1.46
(−8.79	~	5.87)

67.32
(53.32	~	81.30)

F I G U R E  2 Comparison	of	sdLDL-C	values	obtained	with	the	six	different	sdLDL-C	assays	and	DENKA	SEIKEN	using	Passing	and	Bablok	
(PB)	regression	analysis	and	Bland–Altman	(BA)	plot	on	Beckman	AU5400.	In	the	Passing–Bablok	regression	analyses	the	orange	dotted	lines	
show	the	95%	confidence	interval	(CI);	the	orange	solid	lines	represent	the	identity	line	(X	=	Y);	the	blue	solid	lines	represent	the	Passing–
Bablok	regression	line.	In	the	Bland–Altman	plots	the	blue	solid	lines	show	the	mean	difference,	while	the	red	dotted	lines	show	the	mean	
difference	±	1.96	SD.	A,	Comparison	of	BSBE	and	Denka	Seiken	by	PB	on	Beckman	AU5400.	B,	Comparison	of	BSBE	and	Denka	Seiken	by	
BA	on	Beckman	AU5400.	C,	Comparison	of	Mindray	and	Denka	Seiken	by	PB	on	Beckman	AU5400.	D,	Comparison	of	Mindray	and	Denka	
Seiken	by	BA	on	Beckman	AU5400.	E,	Comparison	of	Zybio	and	Denka	Seiken	by	PB	on	Beckman	AU5400.	F,	Comparison	of	Zybio	and	
Denka	Seiken	by	BA	on	Beckman	AU5400.	G,	Comparison	of	Dongou	and	Denka	Seiken	by	PB	on	Beckman	AU5400.	H,	Comparison	of	
Dongou	and	Denka	Seiken	by	BA	on	Beckman	AU5400.	I,	Comparison	of	Merit	Choice	and	Denka	Seiken	by	PB	on	Beckman	AU5400.	J,	
Comparison	of	Merit	Choice	and	Denka	Seiken	by	BA	on	Beckman	AU5400.	K,	Comparison	of	Medical	System	and	Denka	Seiken	by	PB	on	
Beckman	AU5400.	L,	Comparison	of	Medical	System	and	Denka	Seiken	by	BA	on	Beckman	AU5400
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96.46%,	99.12%	and	99.44%,	respectively.	The	measured	recov-
ery	rates	of	sdLDL-C	assays	were	within	the	allowable	±	10%	de-
viation range.

3.4  |  Lower limit of detection

The	LLD	of	sdLDL-C	assays	for	DENKA	SEIKEN,	BSBE,	Mindray,	Zybio,	
Dongou,	Merit	Choice	and	Medical	System	on	Beckman	AU5400	was	
0.0021,	 0.0016,	 0.0019,	 0.0019,	 0.0023,	 0.0041,	 0.0020,	 respec-
tively.	The	LLD	of	sdLDL-C	assays	for	DENKA	SEIKEN,	BSBE,	Mindray,	
Zybio,	Dongou,	Merit	Choice	and	Medical	System	on	Mindray	BS2000	
was	0.0022,	0.0019,	0.0016,	0.0011,	0.0012,	0.0022,	0.0005,	respec-
tively. There was no obvious difference in the lower limit of each man-
ufacturer's	detection,	which	was	 less	 than	 the	manufacturer's	 lower	
limit	of	detection,	meeting	the	basic	detection	requirements.

3.5  |  Interference test

The	 anti-hemolysis	 and	 anti-vitamin	 C	 interference	 ability	 of	 all	
sdLDL-C	 assays	were	 acceptable	 and	met	 the	 requirement	 stated	
by the manufacturers. The interference of chyle were accept-
able	among	DENKA	SEIKEN,	BSBE,	Mindray,	and	Medical	System.	
DENKA	SEIKEN,	BSBE	and	Mindray	showed	good	anti-interference	
ability to bilirubin. Medical System was negatively affected by bili-
rubin,	 the	maximum	deviation	of	which	was	−23.71%	on	Beckman	
AU5400	and	−21.95%	on	Mindray	BS2000.	Zybio	and	Dongou	were	
negatively	affected	by	chyle,	the	maximum	deviation	of	which	were	
−29.43%	 and	 −25.60%	 on	 Beckman	 AU5400,	 as	 well	 as	 −32.49%	
and	−28.85%	on	Mindray	BS2000.	Merit	Choice	was	negatively	af-
fected	by	chyle	and	bilirubin,	the	maximum	deviation	of	which	were	
−28.06%	and	−21.60%	respectively	on	Beckman	AU5400,as	well	as	
−33.81%	and	−17.51%	respectively	on	Mindray	BS2000.	(Table	4).

3.6  |  Reference interval for regent Mindray

There	were	214	cases	(71.81%)	whose	results	fell	within	the	refer-
ence	range	stated	by	the	manufacturer,	and	84	cases	(28.19%)	whose	
low value was lower than the lower limit of the reference range. 
The x±SD	of	298	samples	was	0.33	±	0.14	(mmol/L),	and	the	refer-
ence range established by using x±2SD	was	0.05	~	0.61	 (mmol/L).	
According	the	 limit	of	±	15%,	 there	was	a	difference	between	the	
validation results of the reference range and the manufacturer's 
(0.243	 ~	 1.393	 mmol/L),	 indicating	 that	 the	 biological	 reference	
range was not applicable to our laboratory.

3.7  |  Comparison and concurrence analysis

Pearson's	correlation	coefficients,	intercept	and	slope	of	the	six	dif-
ferent	sdLDL-C	assays	with	DENKA	SEIKEN	were	showed	in	Table	5.	

BSBE,	Mindray,	 and	 Dongou	 had	 high	 degree	 of	 association	 with	
DENKA	SEIKEN	on	Mindray	BS2000,	while	BSBE,	Mindray,	Dongou	
and	 Merit	 Choice	 had	 high	 degree	 of	 association	 with	 DENKA	
SEIKEN	on	Beckman	AU5400.

On	Passing	and	Bablok	regression	analysis,	the	95%	confidence	
interval	(CI)	for	the	intercept	did	not	contain	0,	while	the	95%	CI	for	
slope	contained	1,	only	in	one	regression	equations	which	was	BSBE	
on	Mindray	BS2000	(Table	5,	Figure	1).

The	Bland–Altman	plot	was	used	to	compare	and	evaluate	 the	
results	 of	 different	 assays.	 If	 more	 than	 95%of	 the	 points	 within	
the	95%	consistency	 limit,	and	 the	biases	 (%)	were	 less	 than	10%,	
BSBE	and	Mindray	on	Mindray	BS2000	(Table	6,	Figure	1)	as	well	as	
Beckman	AU5400(Table	6,	Figure	2)	were	meeting	the	requirements.

4  |  DISCUSSION

Small	 and	 dense	 low-density	 lipoprotein	 cholesterol	 (sdLDL-C)	 is	
a	 common	 type	 of	 low-density	 lipoprotein	 cholesterol	 (LDL-C).3 
Research	shows	that	sdLDL-C	is	the	main	subtype	of	atherosclero-
sis,	and	it	is	closely	related	to	the	occurrence	of	cardiovascular	and	
cerebrovascular	events	in	atherosclerotic	diseases,	which	has	a	high-
reference value for the evaluation of cardiovascular and cerebrovas-
cular diseases.6-9	At	present,	there	are	many	detection	methods	of	
sdLDL-C,	and	peroxidase	detection	is	one	of	them.	Compared	with	
gradient	 gel	 electrophoresis,	 density	 gradient	 ultracentrifugation	
and	nuclear	magnetic	resonance	spectroscopy,	the	method	of	per-
oxidase	detection	is	easy	to	be	applied	in	clinical	laboratory,	which	
provides	the	possibility	for	clinical	routine	detection	of	sdLDL-C.10-12

The	detection	principle	of	peroxidase	 sdLDL-C	kit	 comes	 from	
Hirano's	 theory	 that	 the	 specific	 reaction	between	 special	 surfac-
tants	and	lipoproteins	can	be	used	to	detect	the	level	of	sdLDL-C.13 
In	 other	 words,	 polyoxyethylene	 benzyl	 phenyl	 ether	 derivatives	
were	 selected	 as	 surfactants	 to	 selectively	 dissociate	 non-LDL-C	
lipoproteins. Cholesterol esters were decomposed by cholesterol 
esterase	and	cholesterol	oxidase,	while	 large	and	 light	 low-density	
lipoproteins	were	hydrolyzed	by	sphingomyelinase,	so	only	the	re-
maining	sdLDL-C	participated	in	the	color	reaction.	In	this	method,	
the	enzyme	in	the	reagent	can	react	with	specific	lipoproteins	with	
specific	surfactants.	sdLDL-C	is	released	to	participate	in	the	prin-
ciple	of	color	reaction	for	detection,	which	has	strong	operability.14

The	 repeatability	 CV%	 of	 the	 seven	 sdLDL-C	 assays	 investi-
gated	 in	 this	 study	 were	 0.81%~3.66%	 for	 Mindray	 BS2000	 and	
0.76%~3.91%	 for	 Beckman	AU5400,	while	 Total	 CVs	 for	Mindray	
BS2000	 sdLDL-C	assay	were	1.34%~4.80%,	 and	 that	 of	Beckman	
AU5400	 were	 2.25%~10.33%.	 The	 measured	 recovery	 rates	 of	
sdLDL-C	 assays	 were	within	 the	 allowable	 ±10%	 deviation	 range.	
There was no obvious difference in the lower limit of each manufac-
turer's	detection,	which	is	consistent	with	CLSI	guidelines,	suggest-
ing	the	value	of	peroxidase	assay.	Such	discrepancy	may	be	due	to	
the	different	sdLDL-C	reagent	composition	or	traceability.

Biological	reference	interval	is	the	basic	scale	and	basis	for	the	
interpretation	of	test	results	and	analysis	of	test	information,	and	it	
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is also the basic problem in clinical medicine. The laboratory should 
provide	a	reliable	reference	range	for	the	test	items,	so	that	the	clinic	
can have a general understanding of the test results of patients and 
play the role of the test report.15 The reference interval was vali-
dated	in	298	apparently	healthy	individuals	according	to	CLSI	C28-
A2.There	 were	 214	 cases	 (71.81%)	 whose	 results	 fell	 within	 the	
reference	range	stated	by	the	manufacturer,	and	84	cases	(28.19%)	
whose low value was lower than the lower limit of the reference 
range,	indicating	that	the	biological	reference	range	was	not	applica-
ble to our laboratory.

Although	 our	 research	 has	 reached	 its	 aims	 of	 comparing	
commonly	used	sdLDL-C	assays,	this	study	does	have	some	lim-
itations.	 For	 instance,	 although	 sdLDL-C	 is	 a	 newly	 introduced	
clinical	project	 in	 recent	years,	 it	 is	difficult	 to	obtain	the	refer-
ence	materials	 for	 accuracy	 verification,	 so	 this	 experiment	 did	
not	carry	out	the	accuracy	verification.	It	is	hoped	that	the	proj-
ect can be improved Correctness verification test of with the fur-
ther application.

Our	 results	 indicate	 that	 the	 basic	 performance	 can	meet	 the	
testing	 requirements,	 but	 the	 comparability	 between	 them	 is	 still	
insufficient.

ACKNOWLEDG MENTS
Fund	 program	 (Beijing	 excellent	 talents	 training	 support,	
2018000021469G243).

CONFLIC T OF INTERE S T
The	funding	organization(s)	played	no	role	in	the	study	design;	in	the	
collection,	analysis,	and	interpretation	of	data;	in	the	writing	of	the	
report; or in the decision to submit the report for publication.

AUTHOR CONTRIBUTIONS
All	the	authors	have	accepted	responsibility	for	the	entire	content	of	
this submitted manuscript and approved submission.

DATA AVAIL ABILIT Y S TATEMENT
The data used to support the findings of this study are available from 
the	corresponding	author	upon	request.

ORCID
Fan Xuesong  https://orcid.org/0000-0001-6623-8650 
Yuan Hui  https://orcid.org/0000-0003-4833-8708 

R E FE R E N C E S
	 1.	 Santos	 HO,	 Earnest	 CP,	 Tinsley	 GM,	 et	 al.	 Small	 dense	 low-den-

sity	 lipoprotein-cholesterol	 (sdLDL-C):	 Analysis,	 effects	 on	

cardiovascular endpoints and dietary strategies. Prog Cardiovasc Dis. 
2020;63(4):503-509.

	 2.	 Stone	 NJ,	 Robinson	 JG,	 Lichtenstein	 AH,	 et	 al.	 2013	 ACC/AHA	
guideline on the treatment of blood cholesterol to reduce athero-
sclerotic	 cardiovascular	 risk	 in	 adults:	 a	 report	 of	 the	 American	
College	of	Cardiology/American	Heart	Association	Task	Force	on	
Practice	Guidelines.	Circulation.	2014;129(25	suppl	2):S1-45.

	 3.	 Fisher	WR.	Heterogeneity	of	plasma	low	density	lipoproteins	man-
ifestations of the physiologic phenomenon in man. Metabolism. 
1983;32(3):283-291.

	 4.	 Austin	MA,	 Breslow	 JL,	 Hennekens	 CH,	 et	 al.	 Low-density	 lipo-
protein	subclass	patterns	and	risk	of	myocardial	infarction.	JAMA. 
1988;260(13):1917-1921.

	 5.	 Ito	Y,	Fujimara	M,	Ohta	M,	et	al.	Development	of	a	homogeneous	
assay	for	quantification	of	small,	dense	LDL	cholesterol.	Clin Chem. 
2011;57(1):57-65.

	 6.	 Myasoedova	VA,	Melnichenko	AA,	et	al.	Small	dense	 low-density	
lipoprotein	as	biomarker	for	atherosclerotic	diseases.	Oxid Med Cell 
Longev.	2017;2017:1273042.

	 7.	 Higashioka	M,	Sakata	S,	Honda	T,	et	al.	Small	Dense	Low-Density	
Lipoprotein	Cholesterol	and	the	Risk	of	Coronary	Heart	Disease	in	
a Japanese Community. J Atheroscler Thromb.	2020;	27(7):669-682.

	 8.	 Sakai	K,	Koba	S,	Nakamura	Y,	et	al.	Small	dense	low-density	lipopro-
tein	cholesterol	is	a	promising	biomarker	for	secondary	prevention	
in older men with stable coronary artery disease. Geriatr Gerontol 
Int.	2018;18(6):965-972.

	 9.	 QiaoZhen	X,	AiGuo	M,	Tong	W,	et	al.	Correlation	between	of	small	
dense	 low-density	 lipoprotein	 cholesterol	with	 acute	 cerebral	 in-
farction	and	carotid	atherosclerotic	plaque	stability.	J Clin Lab Anal. 
2019;33(6):e22891.

	10.	 Hayashi	T,	Koba	S,	Ito	Y,	et	al.	Method	for	estimating	high	sdLDL-C	
by	measuring	triglyceride	and	apolipoprotein	B	levels.	Lipids Health 
Dis.	2017;16(1):21.

	11.	 Renjith	RS,	Jayakumari	N.	A	Simple	Economical	Method	for	Assay	
of	Atherogenic	Small	Dense	Low-Density	Lipoprotein-Cholesterol	
(sdLDL-C).	J Clin Biochem.	2011;26(4):385-388.

	12.	 Izumida	T,	Nakamura	Y,	Hino	Y,	et	al.	Combined	Effect	of	Small	Dense	
Low-Density	 Lipoprotein	 Cholesterol	 (sdLDL-C)	 and	 Remnant-
Like	 Particle	 Cholesterol	 (RLP-C)	 on	 Low-Grade	 Inflammation.	 J 
Atheroscler Thromb.	2020;27(4):319-330.

	13.	 Hirano	T,	Ito	Y,	Yoshino	G.	Measurement	of	small	dense	low-density	
lipoprotein particles. J Atheroscler Thromb.	2005;12(2):67-72.

	14.	 Pollegioni	L,	Piubelli	L,	Molla	G.	Cholesterol	oxidase:	biotechnolog-
ical applications. FEBS J.	2009;276(23):6857-6870.

	15.	 Jones	GRD,	Haeckel	R,	Loh	TP,.	et	al.	 Indirect	methods	 for	 refer-
ence	interval	determination	-	review	and	recommendations.	Limits 
Clin Chem Lab Med.	2018;57(1):20-29.

How to cite this article:	Xuesong	F,	Enshi	W,	Jianxun	H,	Lei	Z,	
Xiaoli	Z,	Hui	Y.	Comparison	of	seven	different	reagents	of	
peroxidase	method	for	small	and	dense	low	density	
lipoprotein	cholesterol	(sdLDL-C)	measurement.	J Clin Lab 
Anal. 2021;35:e23660. https://doi.org/10.1002/jcla.23660

https://orcid.org/0000-0001-6623-8650
https://orcid.org/0000-0001-6623-8650
https://orcid.org/0000-0003-4833-8708
https://orcid.org/0000-0003-4833-8708
https://doi.org/10.1002/jcla.23660

