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Abstract
Background: This study was conducted to evaluate the progress in the standardiza-
tion	of	the	gamma-glutamyl	transferase	(GGT)	to	achieve	metrological	traceability	of	
routine	in	vitro	diagnosis	(IVD)	medical	devices.
Methods: We	 collected	 25	 single	 fresh	 frozen	 serum	 samples	 for	 GGT	 analysis.	
Candidate	reference	materials	(RMs),	calibrators,	internal	quality	controls	(IQC),	and	
external	 quality	 assessment	 (EQA)	materials	 from	 the	National	 Center	 for	Clinical	
Laboratory	 (NCCL),	 Beijing	 Center	 for	 Clinical	 Laboratory	 (BCCL),	 and	 College	 of	
American	Pathologists	(CAP)	were	randomly	added	to	these	serum	samples.	A	total	
of	42	samples	were	examined	using	IFCC	reference	method	and	four	different	IVD	
medical devices to perform the comparability and commutability study.
Results: The four IVD medical devices achieved trueness assessment within the 
measurement	range.	Linear	analysis	showed	the	agreement	of	Siemens	ADVIA	2400,	
Hitachi	7600-020/BioSino,	Beckman	AU	5800,	and	Roche	Cobas	501	with	the	refer-
ence method. These assay pairs were comparable at the medical decision levels. The 
GGT	in-house	candidate	RMs,	and	Beckmann	and	Roche	calibrators	were	all	within	
the	limits	of	the	95%	prediction	intervals,	the	commutability	of	BioSino	calibrators	
was	 indeterminate,	and	some	internal	and	external	quality	controls	were	not	com-
mutable for comparisons of certain IVD medical devices vs the reference method.
Conclusions: By	comparing	with	the	reference	method,	we	found	that	performance	
of	GGT	conventional	measurement	systems	to	be	traceable	to	the	higher	order	refer-
ences was improved. The commutable materials for calibration and trueness controls 
of	routine	methods	were	significant	to	promote	the	standardization	of	GGT	analysis.
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1  | INTRODUC TION

Gamma-glutamyl	 transferase	 (GGT)	belongs	 to	a	group	of	pepti-
dases that catalyze the transfer of amino acids from one peptide 
to	another.	GGT	is	present	in	all	cells	of	the	body	except	the	mus-
cles,	and	GGT	in	the	serum	originates	mainly	in	the	hepatobiliary	
system.	 GGT	 is	 increased	 significantly	 in	 the	 presence	 of	 intra-
hepatic or posterior biliary obstruction. It is more sensitive than 
alkaline	 phosphatase	 for	 detecting	 obstructive	 jaundice,	 cholan-
gitis,	and	cholecystitis,	as	it	increases	earlier	and	persists	for	lon-
ger.	Additionally,	recent	studies	showed	that	serum	GGT	plays	an	
important role in the monitoring and prognosis of metabolic syn-
drome and cardiovascular and cerebrovascular diseases1-4 and is a 
marker of oxidative stress.5,6

The	detection	of	serum	GGT	is	one	of	the	most	commonly	used	
tests	in	clinical	 laboratories.	Methods	for	detecting	serum	GGT	in-
clude	 (a)	 a	 reference	 method	 recommended	 by	 the	 International	
Federation	of	Clinical	Chemistry	 and	Laboratory	Medicine	 (IFCC)7 
which	 shows	 accurate	 measurement	 results,	 but	 the	 operation	 is	
tedious,	 time-consuming,	 costly,	 and	 cannot	 be	 automated,	 mak-
ing	 it	unsuitable	 for	 routine	detection	of	 clinical	patients	 samples,	
and	 (b)	 conventional	measurement	 systems	with	 simple	operation,	
low-cost,	 automation,	 and	wide	 use.	However,	 the	 results	 of	 con-
ventional	measurement	systems	are	often	inconsistent;	Xia	Cet	al8 
showed	deviation	was	as	high	as	14.2%	compared	to	IFCC	reference	
procedure and coefficients of variation between systems as high to 
11.6%.	Additionally,	some	systems	are	not	consistent	in	the	level	of	
medical decision-making.9 Reference methods are rarely used as a 
basis for comparison in these studies. The purpose of this study was 
to	 compare	 the	 reference	method	 for	 GGT	 recommended	 by	 the	
IFCC	with	the	four	conventional	measurement	systems	to	evaluate	
the accuracy and reliability of the measurement results according to 
EP09-A3.

Commutable substances can be used to detect and monitor 
differences between the results of different laboratories in the 
EQA	 Plan	 or	 Performance	 Verification	 (PT).	 This	 requires	 an	 un-
derstanding	of	the	commutability	of	the	substances	for	EQA	or	PT.	
To	 this	end,	we	assessed	 the	commutability	of	CAP	samples,	EQA	
substances	from	NCCL	and	BCCL,	and	enzymatic	 in-house	materi-
als developed by the reference laboratory of Chaoyang Hospital to 
obtain	experimental	data	for	the	PT	program.	The	conventional	mea-
surement	 system	 consists	 of	 calibrators,	 quality	 control	 products,	
test	 reagents,	 and	 instrument.	 There	 is	 a	metrological	 traceability	
from the routine result to the manufacturer's calibrator or even to a 
reference	material	and	thus	SI	units.	Because	of	the	importance	of	
the	 commutability	of	 calibrators,10-12 studies conducted nationally 
and internationally have demonstrated that applying commutable 
calibrators can reduce differences in the test results between sys-
tems.8,9	Therefore,	it	is	necessary	to	understand	the	commutability	
of calibrators used in mainstream methods in China. IQC products 
are used to monitor the inter-day stability of the laboratory's inter-
nal IVD medical device and evaluate the precision of the method. 
However,	 when	 differences	 are	 observed	 between	 IQC	 products	

and	human	blood	samples,	the	coefficient	of	variation	does	not	re-
flect	 the	actual	detection	performance	of	 the	 instrument,13 which 
may	affect	the	detections	of	the	patients.	Therefore,	in	this	study,	25	
fresh serum samples from patients were used to assess the commu-
tability of the above reference materials among the four commonly 
IVD medical devices to provide necessary information for relevant 
decision-making departments.

2  | MATERIAL S AND METHODS

2.1 | Reagents and instruments

According	 to	 the	 IFCC	 reference	 measurement	 for	 GGT,	 the	 rea-
gents of the highest purity included N-glycylglycine,	 (C4H8N2O3),	
L-γ-glutamyl-3-carboxy-4-nitroanilide,	monoammonium	salt,	mono-
hydrate (C12H12N3O7·NH4·H2O),	sodium	hydroxide	solution	(NaOH),	
and	sodium	chloride	 (NaCl),	all	of	which	were	 from	Sigma.	The	 in-
struments included a Hitachi U-3900 UV-Vis spectrophotometer; 
a	 Sartorius	 pH	 indicator	 and	 LA120S	 analytical	 balance;	 Siemens	
ADVIA	2400	(matching	original	reagent,	Lot:	354400);	Hitachi	7600-
020	 (BioSino	 reagent,	 Lot:	 150821);	Beckman	AU	5800	 (matching	
original	 reagent,	 Lot:	 AUZ3410);	 and	 Roche	 Cobas	 501	 (matching	
original	reagent,	Lot:	616197).

2.2 | Ethics statement

The study involved the use of leftover patient serum samples. The 
leftover patient samples were all de-identified during the collection. 
The use of patient samples in the present study has been reviewed 
by	the	Ethics	Committee	of	Beijing	Chaoyang	Hospital.	Detailed	pa-
tient	information	was	not	needed,	and	the	data	were	analyzed	anon-
ymously;	 therefore,	 participants	 did	 not	 provide	written	 informed	
consent.

2.3 | Prepared materials

2.3.1 | Calibrators (one level)

BioSino:	(Lot:	150085);	Beckman	Coulter	AU5800:	(Lot:	0118);	and	
Roche	CFAS	calibrators	(Lot:	176	155-01).

2.3.2 | Controls (2 or 3 levels).

Two-level	EQA	materials	(lot:	201611	and	201612)	were	from	NCCL;	
two-level	EQA	materials	(marked	2016	L1	and	L2)	were	from	BCCL;	
three-level	EQA	materials	(marked	6,	7,	and	10)	were	from	CAP	2015	
C-B	program;	two-levels	IQC	products	(lot:	883UN	and	649UE)	were	
from Randox company; and two-level IQC products (lot: 0035 and 
0036)	were	from	Beckman	company.
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The	calibrators	and	quality	controls	(except	from	CAP)	are	pro-
vided in the form of a freeze-dried powder and must be re-dissolved. 
Before	use,	 reagent	grade	 laboratory	water	was	added	to	a	bottle	
based on specification requirement. Each sample was incubated for 
30 minutes at 20 ~ 25°C. The bottles were mixed gently until the 
samples were completely dissolved.

2.4 | In-house candidate reference materials

The	in-house	candidate	RMs	for	GGT	were	from	the	reference	labo-
ratory	in	Beijing	Chaoyang	hospital	(3	levels).	These	materials	were	
from	 patient	 leftover	 sera	 which	 were	 pooled,	 mixed	 thoroughly,	
sterile-filtered to 0.20 µm	and	aliquoted	0.8	mL	sera	into	1-mL	cryo-
vials	and	stored	under	−80°C	until	use.	Three	levels	of	frozen	serum	
RMs	were	assigned	values	according	to	the	IFCC	reference	method	
for	 GGT	 measurement	 by	 candidate	 reference	 laboratories.	 One	
new aliquot of each level was tested four replicates a day for three 
successive days. Results were expressed as “target value ± uncer-
tainty”.	The	homogeneity	and	stability	of	 the	candidate	RMs	were	
evaluated	 according	 to	 ISO	Guide	35.14 Ten vials of each concen-
tration	were	analyzed	in	triplicate	to	determine	their	homogeneity,	
which	were	 analyzed	using	one-way	ANOVA.	For	 the	 stability	 as-
sessment,	 linear	 regression	analysis	was	used.	The	candidate	RMs	
for	GGT	were	homogeneous	and	stable	for	at	least	3	days	as	stored	
at	4°C	and	12	months	as	 stored	at	−80°C.	The	 in-house	prepared	
materials as the candidate reference materials met the characteri-
zation	of	the	secondary	reference	materials.	We	will	 further	apply	
for	 the	secondary	reference	materials	certification	to	the	National	
Standard	Substance	Committee.

2.5 | Serum samples

Twenty-five	low,	medium,	and	high	single	fresh	frozen	serum	sam-
ples	for	GGT	without	hemolysis,	 lipemia,	and	 icteric	were	tested	
and found to be negative for HIV1 + 2 antibodies. These samples 
were	 obtained	 from	 2	 to	 8°C	 refrigerator	 in	 the	Department	 of	
Laboratory	 Medicine	 at	 the	 Beijing	 Chao-Yang	 Hospital	 within	
48	hours.	The	concentrations	were	8-868	U/L.	Each	sample	had	a	
volume	of	at	least	5	mL	after	mixing	evenly,	and	the	samples	were	
divided	 into	 five	 parts	 and	 stored	 at	 −80°C;	 the	 commutability	
may not be influenced when they were thawed and measured.15 
The single serum samples were homogeneous and stable for at 
least 3 days as stored at 4°C and showed stability after 3 months 
of	storage	at	−20°C.16,17

2.6 | IFCC reference measurement method for GGT

Our	 laboratory	of	Beijing	Chaoyang	hospital	has	been	entered	the	
IFCC	RELA	EQA	program	and	get	acceptable	results	every	year	since	
2008.	We	met	all	management	and	technical	requirements	and	are	

preparing the relevant work to apply for the accreditation of the 
ISO/IEC	 17025:200518	 and	 ISO	 15195:2003.19 The primary refer-
ence	method	was	performed	strictly	according	to	the	IFCC	publica-
tions.20,21	N-Glycylglycine	was	weighed	2.73	g	(206.3	mmol/L)	and	
dissolved	in	100	mL	water	to	prepare	the	reaction	solution	by	the	ad-
justment	of	PH.	L-γ-Glutamyl-3-carboxy-4-nitroanilide,	monoammo-
nium	salt,	and	monohydrate	were	weighed	0.229	g	(33.00	mmol/L)	
and	dissolved	in	20	mL	water	to	prepare	the	start	reagent	solution.	
A	2.000	mL	reaction	solution	was	added	into	the	cuvette	and	equili-
brated	 to	37°C,	 and	 then,	 a	0.250	mL	 sample	 as	 a	quality	 control	
was	added	(equilibrated	close	to	37°C).	After	mixing	thoroughly	and	
incubating	the	sample	for	3	minutes,	the	temperature	of	the	solution	
in	the	cuvette	reached	37°C.	Finally,	0.500	mL	start	reagent	solution	
was	added,	mixed	thoroughly,	and	 incubated	for	60	seconds,	after	
which absorbance was monitored for 3 minutes. Dynamic modeling 
software	was	used	to	analyze	the	results.	The	IFCC	External	Quality	
Assessment	 Scheme	 for	 Reference	 Laboratories	 in	 Laboratory	
Medicine	(RELA	2014)	was	used,	and	samples	A	and	B	were	used	as	
quality	controls,	which	were	required	to	be	within	the	uncertainty	
range	 of	 the	 laboratory	mean	 of	 the	 RELA	 2014	 (limit	 of	 equiva-
lence).	Each	sample	of	prepared	materials	was	tested	twice	by	the	
IFCC	reference	method	for	GGT.

2.7 | Routine measure systems

Forty-two	 samples	were	 tested	 three	 times	 on	 four	 types	 of	 IVD	
medical	devices	including	the	Siemens	ADVIA	2400	(original	reagent	
lot:	354400),	Hitachi	7600	(BioSino	reagent	lot:	150821),	Beckman	
AU5800	 (original	 reagent	 lot:	 AUZ3410),	 and	 Roche	 Cobas	 C501	
(original	reagent	lot:	616197)	after	internal	quality	control	tests	were	
passed. The IVD devices were operated according to the instruc-
tions	 for	use.	All	 the	producers	 stated	 that	 their	procedures	were	
traceable	to	the	IFCC	reference	procedure.	All	the	IVD	medical	de-
vices had been well maintained. The trueness of the routine systems 
was investigated by the bias compared with target values of candi-
date	RMs,	and	the	means	of	the	replicate	measurements	were	used	
to calculate the CV.

2.8 | Comparison and commutability study

According	 to	 EP9A-3,22 25 fresh serum samples were simultane-
ously evaluated by the reference method and routine measurement 
systems.	All	 samples	were	measured	 twice	by	 the	 IFCC	 reference	
method and three times by four routine IVD medical devices. The 
mean values were calculated. The results from the 25 fresh serum 
samples	were	analyzed	by	Deming	regression	analysis.	A	predicted	
bias B

⋀

22	(95%	confidence	interval)	at	the	two	medical	decision	levels	
Xc	(60,	150	U/L)	within	the	allowable	bias	range	(based	on	moderate	
biological	variation,	11.1%)23 indicates good agreement between the 
routine	method	and	reference	method;	otherwise,	the	methods	are	
not comparable.



4 of 7  |     ZHANG ANd WANG

The	commutability	experiment	for	GGT	was	designed	according	
to	 the	 CLSI	 EP-14A-3	 guideline.24	 Prepared	 materials	 (calibrators,	
quality	control	materials,	homemade	candidate	RMs)	together	with	
25	patient	samples	were	measured	for	GGT	using	the	four	routine	
IVD	medical	devices	and	IFCC	reference	method.	The	measurement	
results	were	analyzed	in	a	pairwise	manner,	and	Deming	regression	
and 95% prediction intervals were calculated between each routine 
IVD	medical	device	and	IFCC	reference	method.	The	commutability	
of these prepared materials between the reference method and four 
different	analyzed	systems	was	estimated.	Prepared	materials	with	
measurement results inside the prediction intervals were considered 
as commutable.

3  | RESULTS

3.1 | Trueness assessment of the conventional 
measurement system

The mean values and expanded uncertainties of the results 
for	 GGT	 candidate	 RMs	 at	 three	 levels	 were	 (174.9	 ±	 3.7	 U/L),	

(108.3	±	2.3	U/L),	and	(32.4	±	0.8	U/L),	respectively.	The	relative	bias	
of measurements taken from the four routine IVD medical devices 
compared	with	 the	 target	 values	were	 −4.34%	 to	 1.4%	 (Siemens),	
−15.1%	to	−6.2%	(Hitachi/BioSino),	−9.6%	to	−1.8%	(Beckman),	and	
−10.8%	to	−2.3%	(Roche)	(Table	1).	Siemens	achieved	the	optimum	
performance	goal	 (bias,	5.5%).	Beckman	and	Roche	met	 the	desir-
able	 performance	 goal	 (bias,	 11.1%).	Hitachi/BioSino	 achieved	 the	
minimum	performance	goal	(bias,	16.6%).

3.2 | Comparability of IVD medical devices for GGT

The 25 single fresh frozen serum samples were analyzed on 4 
IVD	medical	devices	and	 IFCC	 reference	method	 for	 the	compari-
son	 experiments.	 The	 linear	 relationships	 between	 X	 (IFCC	 refer-
ence	method)	 and	Y	 (routine	methods)	 are	 shown	 in	Figure	1	 and	
Table	2.	Compared	to	the	reference	method,	there	was	a	negative	
bias	 (intercept	 is	−7.144	 to	−4.709)	between	 the	 four	 IVD	medical	
devices	and	 reference	method	 for	GGT.	The	 residual	 standard	de-
viations	(Sy.x)	for	denotes	Siemens	ADVIA	2400,	Hitachi	7600-020/
BioSino,	Beckman	AU	5800,	and	Roche	c501	were	6.7,	5.2,	7.3,	and	

TA B L E  1  Mean,	variance,	and	bias	of	GGT	activity	measurements	(U/L)	of	candidate	RMs	from	four	IVD	medical	devices

RMs

IFCC Siemens Hitachi/BioSino Beckman Roche

Target 
value Mean

CV 
(%)

Bias 
(%) Mean

CV 
(%) Bias (%) Mean

CV 
(%)

Bias 
(%) Mean CV (%)

Bias 
(%)

L-1a  174.9 177.3 1.4 1.4 162.8 0.1 −6.9 171.8 0.4 −1.8 170.8 0.5 −2.3

L-2 108.3 109.0 0.9 0.64 101.6 0.5 −6.2 103.8 0.8 −4.2 101 0.6 −6.7

L-3 32.4 31.0 3.2 −4.34 27.5 0.6 −15.1 29.3 0.3 −9.6 28.9 1.7 −10.8

aThe	level	of	candidate	RMs.	

F I G U R E  1   Deming regression and 
agreement analysis between four IVD 
medical	devices	(A-D)	and	reference	
method	for	GGT.	The	dashed	lines	are	the	
equality lines (y =	x)
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10.5,	respectively.	The	bias	between	four	IVD	medical	devices	and	
the	reference	method	at	the	levels	of	60	and	150	U/L	were	shown	
in	Table	3.	Compared	to	 the	moderate	allowable	deviation	 (11.1%)	
derived	from	biological	variability,23 four measurement procedures 

were	acceptable	at	the	levels	of	150	U/L	medical	decision.	The	95%	
confidence	limits	of	Hitachi/BioSino,	Beckman,	and	Roche	were	ex-
ceeded	the	11.1%	bias	acceptability	criteria	at	 the	60	U/L	medical	
decision points.

3.3 | Commutability of prepared materials for GGT 
measurement

Figure	2	 Siemens	ADVIA	2400-Roche	 c501	 shows	 regression	 line	
diagrams of 25 serum samples determined by the reference method 
and four routine methods. The measurement results of the reference 
method	 (X)	and	evaluated	method	 (Y)	were	analyzed	 in	a	pairwise	
manner	by	Deming	regression.	GGT	candidate	RMs,	Beckmann,	and	
Roche calibrators showed good commutability for four comparisons 
of	all	 IVD	medical	devices	vs	the	reference	method.	CAP	samples,	
and	 Beckman	 and	 Randox	 IQC	materials	 also	 showed	 good	 com-
mutability	except	Hitachi/BioSino.	EQA	substances	from	NCCL	and	
BCCL	only	were	commutable	for	two	comparisons	of	Beckman	and	

TA B L E  2   Deming regression analysis of IVD medical devices

IVD medical 
devices Slope(95% CI)a  Intercept (95% CI)a  R2

Siemens 1.073 
(1.046-1.100)

−7.144	(−10.594	to	
−3.695)

.9993

Hitachi/
BioSino

0.968	
(0.957-0.978)

−4.709	(−6.151	to	
−3.267)

.9996

Beckman 1.044 
(1.006-1.082)

−6.915	(−11.705	to	
−2.125)

.9990

Roche 1.014 
(0.954-1.073)

−6.890	
(−14.067—0.287)

.9977

aDeming slopes and intercepts are expressed as means and 95% 
confidence	intervals	(CIs).	

Xca  (U/L)

Predicted bias B
⋀

c (95% CI)b  (%)

Acceptable 
bias (%)Siemens

Hitachi/
BioSino Beckman Roche

60 −4.62	(−8.34	
to	−0.89)

−11.05	
(−13.23	to	
−8.87)

−7.15	(−11.86	
to	−2.45)

−10.10	(−16.60	
to	−3.50)

11.1

150 2.53 (1.09 to 
3.96)

-6.34	(−7.43	
to	−5.25)

0.24	(−1.69	to	
1.22)

−3.2	(−5.20	to	
−1.20)

11.1

aClinical	decision	level	of	GGT.	
bDeming	predicted	biases	are	expressed	as	means	and	95%	confidence	intervals	(CIs)	at	
concentration	Xc.	

TA B L E  3   Calculation of whether or 
not the methods meet the acceptable bias 
requirements

F I G U R E  2   Commutability of 
reference	materials	for	GGT	between	
IFCC	reference	method	and	IVD	medical	
devices	(A-D).	The	solid	lines	are	the	
regression	lines,	and	dashed	lines	are	the	
limits of the 95% prediction intervals. 
Cross	represents	NCCL,	BCCL,	and	CAP	
external	quality	assessment	substances,	
asterisk represents internal quality control 
products,	diamond	represents	calibrators,	
and triangle represents homemade 
candidate reference materials
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Roche	device	vs	the	reference	method.	BioSino	calibrator	was	non-
commutable	 for	 Siemens	device	 vs	 the	 reference	method	and	 the	
commutability	was	indeterminate	in	other	devices	(see	Figure	2	and	
Table	4).

4  | DISCUSSION

Obtaining accurate and reliable examination results by clinical labo-
ratories is the goal of laboratory medicine. To achieve accurate test 
results,	testing	methods	must	be	standardized	to	ensure	the	metro-
logical	traceability	of	the	test	results.	Currently,	biochemical	reagent	
manufacturers in China are increasingly considering metrological 
traceability.	We	obtained	comparable	information	between	the	GGT	
assays	in	this	study,	which	was	significant	for	the	standardization	of	
enzyme.

The	CLSI	EP09-A3	is	an	internationally	recognized	guideline	for	
comparing different methods.22	 In	 this	 study,	 Deming	 regression	
was used as a method to estimate slope and intercept parameters 
from a measurement procedure comparison experiment with allow-
ance for both measurement procedures to have imprecision. The 
measurement error for each measurement procedure is taken into 
account in the estimation procedure using Deming regression anal-
ysis.	Table	3	showed	deviation	of	GGT	at	clinical	decision	level.	The	
allowable deviation derived from biological variability was divided 
into	 low,	moderate,	 and	high	grades.	 Jackknife	approach	provided	
in	 the	CLSI	EP09-A3	was	 implemented	 to	calculate	Deming	slope,	
intercept,	and	bias	at	medical	decision	points.22

Clinical	 routine	 methods	 and	 reference	 methods	 for	 GGT	 are	
based	 on	 the	 same	 methodological	 principle	 of	 using	 L-gamma-
glutamyl-3-carboxyl-4-nitroaniline as the substrate and diglyceride 

as	the	glutamyl	receptor.	Under	catalysis	by	GGT,	a	glutamyl	group	
was	transferred	to	the	DG	molecule	and	yellow	2-nitro-5-aminoben-
zoic	 acid	was	 released.	 The	 absorbance	 increased	 at	 410	 nm,	 and	
rate	of	increase	in	the	absorbance	was	proportional	to	GGT	activity.	
However,	 different	 calibrators	 and	 different	 reagent	 formulations	
from different manufacturers may give variable results. Our study 
revealed negative bias in each system and the intercept for the refer-
ence	method	was	−7.144	to	−4.709	(Table	2).	Additionally,	we	found	
that	the	detection	wavelength	of	Roche	Cobas	501	is	415	nm,	which	
differs from other approaches.

EP14-A3	 is	 an	 international	 guideline	 for	 evaluating	 matrix	
effects or commutability and requires at least 20 representative 
native patient samples as standards for comparison.23	We	used	
25	 native	 patient	 samples	 at	 low,	 medium,	 and	 high	 activities,	
and the data were processed using the commutability assess-
ment	 method	 described	 by	 the	 guidelines.	 Notably,	 we	 labeled	
all	samples	(serum	panel	and	reference	materials)	uniformly,	and	
detection	staff	was	blinded	to	the	sample	identity.	Thus,	the	de-
tection	 process	was	 equivalent	 to	 a	 blinded	method.	We	 found	
that	 CAP	 samples	 and	 EQA	 substances	 from	 NCCL	 and	 BCCL	
lacked commutability among some systems. The reasonability 
of the evaluation can be ensured only by grouping based on IVD 
medical devices. The lack of commutability of calibrators may be 
one	reason	why	the	results	are	not	comparable.	In	this	study,	we	
found	Beckmann	and	Roche	calibrators	showed	good	commuta-
bility between all IVD medical devices and the reference method. 
The	 results	 also	 showed	 the	Beckmann	 and	Roche	 systems	had	
reasonable performance goal in the trueness and comparability 
assessment	(Tables	1	and	3).

The	GGT	 in-house	 candidate	 reference	materials	 (3	 levels)	 de-
veloped by the human serum pools prepared from patient samples 
are	commutable,	which	can	be	 further	used	 to	certificate	national	
secondary standard substances in the future. The reference mate-
rials are useful for external quality assessment and validation of the 
routine	testing	systems,	as	well	as	for	 improving	the	accuracy	and	
consistency	of	GGT	results	by	different	manufacturers.

A	major	limitation	of	the	study	is	that	all	measurements	of	each	
method were performed in a single measurement system under spe-
cific measuring conditions. The routine methods were performed in 
four	different	clinical	laboratories,	and	the	reference	methods	were	
performed by the reference laboratory. These measuring conditions 
were	assumed	to	be	representative.	Therefore,	the	future	measure-
ments should be further performed with the same methods to gen-
eralize the research conclusions.
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TA B L E  4   Commutability assessment of test materials for four 
routine	methods	vs	the	IFCC	reference	method	according	to	two	
different approaches

Test Materials

Method

Siemens BioSino Beckman Roche

CAP 1a  0c  1 1

NCCL 2b  0 1 1

BCCL 0 0 1 1

IQC—Beckman 1 0 1 1

IQC—Randox 1 0 1 1

Calibrator—Roche 1 1 1 1

Calibrator—
Beckman

1 1 1 1

Calibrator—
BioSino

0 2 2 2

Candidate	RMs 1 1 1 1

aCommutable. 
bIndeterminate. 
cNoncommutable.	

https://orcid.org/0000-0001-7258-8745
https://orcid.org/0000-0001-7258-8745
https://orcid.org/0000-0001-9099-5627
https://orcid.org/0000-0001-9099-5627


     |  7 of 7ZHANG ANd WANG

R E FE R E N C E S
	 1.	 Martins	MC,	Faleiro	LL,	Afonso	B,	et	al.	Association	of	gamma	glu-

tamyl	 transferase,	 metabolic	 syndrome	 and	 cardiovascular	 risk.	
Acta Med Port.	2010;23:579-588.

	 2.	 Liu	 X,	 Hamnvik	 OP,	 Chamberland	 JP,	 et	 al.	 Circulating	 alanine	
transaminase	 (ALT)	 and	γ-glutamyl	 transferase	 (GGT),	but	not	 fe-
tuin-A,	are	associated	with	metabolic	risk	factors,	at	baseline	and	
at	two-year	follow-up:	the	prospective	Cyprus	Metabolism	Study.	
Metabolism.	2014;63:773-782.

	 3.	 Arasteh	 S,	 Moohebati	 M,	 Avan	 A,	 et	 al.	 Serum	 level	 of	 gam-
ma-glutamyl transferase as a biomarker for predicting stenosis 
severity in patients with coronary artery disease. Indian Heart J. 
2018;70:788-792.

	 4.	 Ndrepepa	G,	Colleran	R,	Kastrati	A.	Gamma-glutamyl	 transferase	
and the risk of atherosclerosis and coronary heart disease. Clin Chim 
Acta.	2018;476:130-138.

	 5.	 Bulusu	 S,	 Sharma	 M.	 What	 does	 serum	 γ-glutamyltransfer-
ase tell us as a cardiometabolic risk marker? Ann Clin Biochem. 
2016;53:312-332.

	 6.	 Ndrepepa	G,	Kastrati	A.	Gamma-glutamyl	transferase	and	cardio-
vascular disease. AnnTransl Med.	2016;4:481.

	 7.	 SchumannG	 BR,	 Ceriotti	 F,	 et	 al.	 IFCC	 primary	 reference	 proce-
dures for the measurement of catalytic activity concentrations of 
enzymes at 37°C. Clin Chem Lab Med.	2002;40:734-738.

	 8.	 Xia	 C,	 Tong	 Q,	 Wang	 Q,	 et	 al.	 Application	 of	 five	 frozen	 hu-
man-pooled serum samples assigned by the International 
Federation	 of	 Clinical	 Chemistry	 and	 Laboratory	Medicine	 refer-
ence procedure in a traceability investigation of gamma-glutamyl 
transferase catalytic concentration measurements in China. Ann 
Clin Biochem.	2010;47:189-194.

	 9.	 Tong	Q,	Chen	B,	Zhang	R,	et	al.	Standardization	of	clinical	enzyme	
analysis using frozen human serum pools with values assigned by 
the	International	Federation	of	Clinical	Chemistry	and	Laboratory	
Medicine	 reference	 measurement	 procedures.	 Scand J Clin Lab 
Invest.	2018;78:74-80.

	10.	 Miller	 WG,	 Myers	 GL.	 Commutability	 still	 matters.	 Clin Chem. 
2013;59:1291.

	11.	 Canalias	F,	García	E,	Sánchez	M.	Metrological	traceability	of	values	
for α-amylase catalytic concentration assigned to a commutable 
calibrator materials. Clin Chim Acta. 2010;411:7-12.

	12.	 Scharnhorst	 V,	 Apperloo	 J,	 Baadenhuijsen	 H,	 et	 al.	 Multicenter	
evaluation of the commutability of a potential reference mate-
rial for harmonization of enzyme activities. Clin Chem Lab Med. 
2004;42:1401-1407.

	13.	 Candás-Estébanez	 B,	 Cano-Corres	 R,	 Dot-Bach	 D,	 et	 al.	 Lack	 of	
commutability between a quality control material and plasma 
samples in a troponin I measurement system. Clin Chem Lab Med. 
2012;50:2237-2238.

	14.	 ISO	Guide	35.	Reference	material	general	and	Statistical	principles	
for	certifications[S].	Geneva,	Switzerland:	ISO,	2006.

	15.	 Kristensen	GB,	Rustad	P,	Berg	JP,	et	al.	Analytical	bias	exceeding	
desirable quality goal in 4 out of 5 common immunoassays: results 
of a native single serum sample external quality assessment pro-
gram	 for	 cobalamin,	 folate,	 ferritin,	 thyroid-stimulating	 hormone,	
and free T4 analyses. Clin Chem. 2016;62:1255-1263.

	16.	 Cuhadar	S,	Atay	A,	Koseoglu	M,	et	al.	Stability	studies	of	common	
biochemical analytes in serum separator tubes with or without 
gel barrier subjected to various storage conditions. Biochem Med 
(Zagreb). 2012;22:202-214.

	17.	 Cuhadar	S,	Koseoglu	M,	Atay	A,	et	al.	The	effect	of	storage	time	and	
freeze-thaw cycles on the stability of serum samples. Biochem Med 
(Zagreb). 2013;23:70-77.

	18.	 ISO/IEC	 17025:2005.	 General	 requirements	 for	 the	 competence	
of	 testing	 and	 calibration	 laboratories.	Geneva,	 Switzerland:	 ISO;	
2005.

	19.	 ISO15195:2003.	Laboratory	medicine	-	Requirements	for	reference	
measurement	laboratories.	Geneva,	Switzerland:	ISO;	2003.

	20.	 Shaw	LM,	Strømme	JH,	London	JL,	et	al.	International	Federation	of	
Clinical	Chemistry,	(IFCC),	Scientific	Committee,	Analytical	Section.	
IFCC	methods	 for	 the	measurement	of	catalytic	concentration	of	
enzymes.	 Part	 4.	 IFCC	 method	 for	 gamma-glutamyl	 transferase	
[(gamma-glutamyl)-peptide:	 amino	 acid	 gamma-glutamyltransfer-
ase EC 2.3.2.2. J Clin Chem Clin Biochem.	1983;21:633-646.

	21.	 Schumann	G,	Klauke	R,	Canalias	 F,	 et	 al.	 IFCC	primary	 reference	
procedures for the measurement of catalytic activity concentra-
tions of enzymes at 37°C. Clin Chem Lab Med.	2002;40:734-738.

	22.	 Clinical	 and	 Laboratory	 Standards	 Institute	 (CLSI).	Measurement 
Procedure Comparison and Bias Estimation Using Patient Samples: 
Approved Guideline.	 3rd	 ed.	 CLSI	 document	 EP09-A3,	 vol.	 33.	
Wayne,	PA:	CLSI;	2013.

	23.	 Ricós	 C,	 Alvarez	 V,	 Cava	 F,	 et	 al.	 Current	 databases	 on	 biolog-
ical	 variation:	 pros,	 cons	 and	 progress.	 Scand J Clin Lab Invest. 
1999;59:491-500.

	24.	 Clinical	 and	 Laboratory	 Standards	 Institute	 (CLSI).	 Evaluation of 
Commutability of Processed Samples; Approved Guideline.	CLSI	doc-
ument	EP14-A3.	Wayne	PA:	CLSI;	2014:	34.

How to cite this article:	Zhang	R,	Wang	Q.	Comparability	of	
four	clinical	laboratory	measurement	methods	for	GGT	and	
commutability of candidate reference materials. J Clin Lab 
Anal. 2020;34:e23557. https://doi.org/10.1002/jcla.23557

https://doi.org/10.1002/jcla.23557

