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Abstract

Introduction: Effective diagnosis of cardiovascular diseases requires the right tools to be used enabling selective and sensitive analysis of their bi-
omarkers. One of them is homocysteine (Hcy), nowadays determined by immunoassays and chromatographic methods. This study aims to compare
the results obtained by direct chemiluminescence immunoassay (CLIA) and high performance liquid chromatography with fluorescent detection
(HPLG-FD) using commercial kits.

Materials and methods: Homocysteine concentration was determined in serum samples obtained from 101 individuals, using Atellica IM HCY
(Siemens Healthineers, Erlangen, Germany) and HCY in plasma/serum — HPLG-FD (Chromsystems Instruments & Chemicals GmbH, Grafelfing, Ger-
many) tests validated for routine analysis. The latter was applied as a reference method. The comparability and agreement between the tested met-
hods were evaluated using the Passing-Bablok (PB) regression analysis and the Bland-Altman (BA) method of the differences analysis.

Results: Studies showed that CLIA gives higher Hcy concentrations (15.7 + 4.14 umol/L). Passing-Bablok regression analysis of the results obtained
with CLIA (y) compared with HPLG-FD (x) yielded an intercept of 0.22 (95%(l: - 2.16 to 2.46) and slope of 1.58 (95%Cl: 1.33 to 1.87). Bland-Altman
analysis demonstrated a systematic positive bias for CLIA of 5.85 + 2.77 umol/L.

Conclusions: Methods disagreement precludes their interchangeability. Lower Hcy values by HPLG-FD result from its greater selectivity. High per-
formance liquid chromatography with fluorescent detection should be considered as preferential method for analysing Hcy in blood serum as well as
the recommended reference method for routine clinical analysis. This fact, however, imposes the need to establish new reference ranges.
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Introduction

Cardiovascular diseases (CVD) are one of the major
health problems in the modern world. The WHO
data reveals that unfortunately, CVD are the main
cause of people mortality (1). Therefore in the lab-
oratory practice effective diagnostic tools are
needed that allow for selective and sensitive anal-
ysis of cardiovascular diseases markers.

Many clinical and epidemiological studies have
confirmed the significant relationship between hy-
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perhomocysteinemia, i.e. a medical condition char-
acterized by a high homocysteine in the blood and
the risk of myocardial infarction in general popula-
tion (2-5). Therefore homocysteine (Hcy), the sul-
phur amino acid formed during metabolism of me-
thionine may be considered as a biomarker and its
high level as a prognostic factor for cardiovascular
events and mortality (6-8). It is worth noting that
CVD patients with high total homocysteine (tHcy)
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concentrations (above 13-15 pmol/L) belong al-
ready to a high-risk group (especially with coronary
artery disease, diabetes and renal failure) (5,6). There
can be many causes of hyperhomocysteinemia.
Some of them are nutritional deficiencies of folate,
vitamins B, and B,,, and genetic defects of enzymes
(particularly methylenetetrahydrofolate reductase
(MTHFR) and cystathionine-B-synthase (CBS)) in-
volved in Hcy metabolism (3). Scientific and clinical
research confirmed also higher Hcy concentrations
in the serum of patients with Alzheimer’s disease,
Parkinson’s disease, type 2 diabetes, metabolic syn-
drome, cancers and psychiatric disorders. High Hcy
concentrations are also related to pregnancy com-
plications and birth defects (4,5). In view of the
above, the determination of tHcy in serum is an im-
portant diagnostic test requiring appropriately sen-
sitive, but also specific analytical methods.

Homocysteine determination can be performed
by many analytical techniques. The routinely used
diagnostic methods are immunoassays, such as
enzyme immunoassay (EIA), fluorescence polariza-
tion immunoassay (FPIA) and chemiluminescence
immunoassay (CLIA) (6,9). However, recently the
interest in the use of chromatographic methods in
the diagnostic tests has increased (10). There are
many chromatographic techniques. Yet of all, lig-
uid chromatography methods coupled to various
selective detectors such as a fluorescence detector
(FD) or a mass spectrometric detector are most
frequently applied. These methods combine the
separation power of chromatographic columns
and the specific identity of detection techniques
so they are regarded as the gold analytical stand-
ard suitable for very sensitive and selective analy-
sis of organic compounds in the complex biologi-
cal matrices. Compared to the immunological
methods, they are distinguished not only by high
specificity but also the ability to analyse various
compounds at very different concentration levels
as well as in a wide concentration range, often
during the same analysis (9,11,12). For these rea-
sons, chromatographic methods are becoming in-
creasingly popular and even recommended as ref-
erence methods in routine clinical analysis (10-13).

In the literature, one can find the data assessing
the compatibility of the homocysteine determina-
tions by immunological methods, mainly FPIA and
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EIA, with the chromatographic ones (6,14-18). Ac-
cording to the authors’ knowledge, however, there
is no data on the assessment of the obtained re-
sults in terms of compliance of the direct chemilu-
minescence immunoassay method to the chroma-
tographic method validated to the routine analy-
sis. Therefore the aim of this study was to compare
the compatibility of the homocysteine determina-
tions by the CLIA method, routinely used in our
laboratory, with the ready to use high perfor-
mance liquid chromatography with fluorescent
detection (HPLC-FD) method.

Materials and methods
Subjects

The serum samples used in the study (N = 101; 11
men and 90 women) were randomly selected from
blood samples obtained from patients who un-
derwent medical assessment of Hcy concentration
during our laboratory standard practices (Alab
Laboratories, Lublin, Poland). Blood was collected,
in accordance with local and national regulations
on ethics, from the patients only during their labo-
ratory tests - no additional material was collected
from the patients more than required for the med-
ical evaluation of Hcy concentration.

The blood samples were obtained by fasting vein
puncture, in the morning from 7.30 to 11 am. The
blood was collected into the Sarstedt Monovette
Homocysteine Z-Gel tubes containing a homo-
cysteine stabilizer (SARSTEDT AG & Co. Niimbre-
cht, Germany), that provides stability for up to 96
hours if stored at room temperature, up to 1
month if refrigerated, and up to 10 months if fro-
zen. The tubes have been tested to validate their
suitability for the CLIA and HPLC-FD methods by
the manufacturer (19). The serum was separated
within 45 minutes of blood collection by centrifu-
gation (2500 rpm; 5 min at room temperature) and
frozen at - 20°C until testing. The samples were
stored for up to three days prior to analysis.

Methods

The tests were carried out using the standard diag-
nostic analysers Atellica IM 1600 (Siemens Health-
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ineers, Erlangen, Germany) and the HPLC-FD system
(NexeraX2, Shimadzu Corporation, Kyoto, Japan)
under conditions indicated by the kit manufactures.
The assays were carried out simultaneously by both
methods to avoid any possible changes in Hcy and
according to the instructions supplied by the manu-
factures of the respective kits.

The Atellica IM HCY test is a competitive immuno-
assay using direct chemiluminescence based on a
three-step procedure. Firstly, a reducing reagent
(dithiothreitol) is used to release Hcy bound to the
plasma proteins. Then the total homocysteine, i.e.
the sum of free Hcy as well as that released, is con-
verted to S-adenosylhomocysteine (SAH) using an
enzyme reagent (S-adenosylhomocysteine hydro-
lase). In a patient sample SAH competes with SAH
covalently bound to the paramagnetic particles in
a solid phase reagent, for a limited number of
binding sites with the mouse monoclonal antibod-
ies (anti-SAH) labelled with the acridine ester used
as a chemiluminescent tracer. The amount of Hcy
was calculated by relating the SAH chemilumines-
cence response to the SAH calibration curve ob-
tained using the highly purified SAH calibrators
(LOT no. 36852) supplied by the kit manufacture.
Control materials from the kit manufacturer were
used to carry out quality control (lot 36853).

The used HPLC-FD method is a multi-step proce-
dure intended for the routine Hcy determination
using a selective separation column as well as a se-
lective fluorescence detector operating at two
wavelengths (385 nm for excitation and 515 nm for
emission). As in the previous method, the first
stage involves reducing the plasma protein bound
Hcy (using a reduction reagent - lot 4618) to a free
form so that the total homocysteine can be deter-
mined. The next step, that distinguish this method
from the previous one, is the precipitation of se-
rum proteins using a precipitation reagent (lot
4618). The purified sample is subjected derivatiza-
tion using a derivatizing reagent (lot 4618), fol-
lowed by the HPLC-FD analysis. During the chro-
matographic analysis, the individual sample com-
ponents are separated based on the differences in
the affinity for the stationary phase (HPLC - col-
umn, order no. 39100) and the mobile phase (lot
2719) (both supplied by the kit manufacturer),
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which causes them to migrate at different rates to
a detector where they are selectively and sensi-
tively detected. The amount of Hcy was calculated
by relating the Hcy chromatographic response to
the Hcy calibration curve obtained using the high-
ly purified Hcy calibrators (lot 0818) and the inter-
nal standard (lot 04618), both supplied by the kit
manufacture. To check the correctness of the cali-
bration, control tests at two homocysteine levels
(Plasma Control Level | and Plasma Control Level I,
lot 0919) were analysed. The correctness of the cal-
ibration was confirmed by obtaining results within
the manufacturer’s declared range of homocyst-
eine concentrations in the control samples.

Statistical analysis

Method comparison was performed using the
Passing-Bablok regression analysis and the Bland-
Altman method for the differences analysis with
an agreement indicator (bias between methods),
recommended by the Clinical and Laboratory
Standard Institute (CLSI) (20-23).

The Passing-Bablok regression analysis of the re-
sults is presented with a scatter diagram, a regres-
sion line, as well as a regression equation, where
the intercept and slope represent respectively a
constant difference interpreted as the systematic
bias and the proportional measurement error be-
tween the methods. 95% confidence interval (Cl)
of the intercept and the slope explains if their val-
ue differ from value zero (intercept) and value one
(slope). If 0 is in the CI of the intercept, and 1 is in
the Cl of the slope, the two methods are compara-
ble within the investigated concentration range.

The Bland-Altman analysis of differences describes
agreement between two quantitative methods by
constructing limits of agreement. These limits are
calculated by the mean and standard deviation
(SD) of the differences between two measure-
ments. If the differences are normally distributed
the limits of agreement = the mean + 1.96 SD (95%
of differences is located between the mean - 1.96
SD and the mean + 1.96 SD). The mean difference
is interpreted as the systematic bias.

The D’Agostino-Pearson test was used to check
the normality of the differences between the test-
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ed methods. P < 0.05 was considered significant.
The statistical analysis was carried out using the
MedCalc Statistical Software Version 19.1.3 (Os-
tend, Belgium) and GraphPad Prism 8.30 (Graph-
Pad Software, San Diego, USA).

Results

Descriptive statistics of Hcy results obtained by
the CLIA and HPLC-FD methods is presented in Ta-
ble 1. Distribution plots of differences between
Hcy measurements by CLIA and HPLC-FD methods
and Q-Q plots are presented in Figure 1. The Pass-
ing-Bablok regression analysis of the results ob-
tained with CLIA (y) compared with HPLC-FD (x) is
presented in Figure 2. The comparison of the
methods yielded the following equation: y = 0.22
+ 1.58 x. 95% Cl for the intercept is from - 2.16 to
2.46 and for the slop from 1.33 to 1.87. These re-
sults indicated proportional difference between
methods.

The Bland-Altman difference plots are shown in
Figure 3, and the results of statistical analysis in Ta-
ble 2. It was found that the CLIA results for the
whole tested range of Hcy concentrations were
higher than the HPLC results. Graphical presenta-
tion of the tHcy measurements performed with
the HPLC and CLIA methods is presented in Figure

CLIA-HPLC
o

Frequency

TasLE 1. Descriptive statistics of homocysteine results obtained
by the CLIA and HPLC-FD methods

Hcy concentrations (N = 101)

CLIA HPLC-FD
Mean £ SD 1570+ 4.14 9.86 +3.02
Minimum 9.10 4.63
Maximum 28.83 25.46

CLIA - direct chemiluminescence immunoassay. HPLC-FD —
high performance liquid chromatography with fluorescent
detection. Hcy - homocysteine. SD - standard deviation.

TaBLe 2. Bland-Altman statistical analysis of differences be-
tween serum tHcy concentrations measured by the CLIA com-
pared with HPLC-FD methods

Hcy concentrations (N = 101)
CLIA vs HPLC-FD

Mean Difference 5.846
Standard Deviation 2.77
Standard Error 0.28
95% Cl of the mean 5.298t0 6.394
95% Lower LoA 0.408
95% Upper LoA 11.284

CLIA - direct chemiluminescence immunoassay. HPLC-FD -
high performance liquid chromatography with fluorescent
detection. Hcy — homocysteine. Cl - confidence interval. LoA
- limit of agreement.
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o
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FiGure 1. Distribution plots of differences between Hcy measurements by CLIA and HPLC-FD methods and Q-Q plots. CLIA - direct
chemiluminiscence immunoassay. HPLC-FD - high-performance liquid chromatography with fluorescent detection.
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FiGURE 2. Passing-Bablok regression analysis of the results ob-
tained with the direct chemiluminescence immunoassay (CLIA)
compared with high-performance liquid chromatography with
fluorescent detection (HPLC-FD). The dashed lines represent
the 95 % confidence intervals for the regression line. The iden-
tity line is represented as dotted.
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Ficure 3. The Bland-Altman plots showing the difference in
the Hcy results (umol/L) between the two methods (CLIA and
HPLC-FD), as a function of their mean value. Grey lines present
confidence interval limits for mean and agreement limits. CLIA
- chemiluminiscence immunassay. HPLC-FC - high-performance
liquid chromatography with fluorescent detection.

4. The mean difference for CLIA vs HPLC-FD was
5.85 umol/L (systematic positive bias) with a stand-
ard deviation (SD) of 2.77 (P < 0.001) (Figure 3).
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FiGure 4. Graphical presentation of the Hcy measurements
performed with the direct chemiluminescence immunoassay
(CLIA) and high-performance liquid chromatography with fluo-
rescent detection (HPLC-FD). Hcy — homocysteine.

Discussion

This study compares the two analytical methods
used in the laboratory practice, direct chemilumi-
nescence immunoassay and high performance lig-
uid chromatography with fluorescent detection,
to determine the concentration of total homocyst-
eine in the blood serum. HPLC-FD was chosen as
the reference method. The obtained results
showed that the tHcy concentrations measured by
the CLIA method are higher than those obtained
by HPLC-FD.

Chromatographic methods and especially those
coupled with very specific and as a consequence
very sensitive detectors, such as the fluorescence
detector are widely recognized as very accurate
and precise analytical tools. The HPLC-FD systems,
due to the requirement of the derivatization of the
analysed compound, in addition to the application
of a separation column able to resolve a mixture of
very similar compounds, guarantee a high level
specificity of the determination. Moreover, the re-
quirement for proper sample preparation prior to
the analysis further increases the selectivity level.
In turn, the application of the internal standard en-
hances the precision of the quantitative analysis.
The immunoassays routinely used in laboratory di-
agnostics are sensitive and precise enough, but
unfortunately their specificity is often lower com-
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pared to the chromatographic methods. The low-
er specificity of the CLIA method may therefore
explain the observed higher homocysteine con-
centrations obtained by this method compared to
the HPLC-FD method.

Comparative analysis performed to assess the
agreement between the results obtained by the
comparable methods indicated proportional dif-
ference and systematic positive bias. The system-
atic positive bias for CLIA suggests that the meth-
odological differences of both methods may be
responsible for the discrepancy between the tHcy
results in the same patients group. Similar conclu-
sions were drawn by the authors of other papers
comparing immunoassays (e.g. ICL-lImmulite 2000,
Abbot IMx and Abbott AXSYM or Bio-Rad EIA im-
munoassays) with HPLC methods (23-25).

Demuth et al. for example, performed the evalua-
tion of the agreement between the ADVIA Cen-
taur and HPLC-FD methods (the latter was their in-
house method developed based on the method
previously described by Fortin and Genest (26,27).
Their studies showed a systematic positive bias of
3.0 umol/L for the ADVIA Centaur, which accord-
ing to the authors excludes the possibility of inter-
changeable use of the ADVIA Centaur and HPLC-FD
methods. The reference ranges for Hcy concentra-
tion determined by both methods prove the cor-
rectness of this conclusion. These results show
that the ADVIA Centaur method gave significantly
higher Hcy values (mean: 12.6+3.3 with a central
95% range of 8.0-20.3 umol/L) than the HPLC
method (mean 9.5+2.5 with a central 95% range of
5.7-15.8 umol/L) for the same patients samples
(26). Referring the results obtained by us to those
cited above, it can be stated that the systematic
positive bias of 5.85 umol/L for the CLIA method
excludes the possibility of interchangeable use of
the CLIA method with HPLC-FD.

The lack of specificity of the analytical method is
most often the reason for the systematic bias.
However, there are other possible reasons for the
low agreement between the results obtained by
the compared methods. Some of them are dis-
cussed below.
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In the past poor quality reagents and access to in-
appropriate reference materials were a problem
causing systematic errors. However, in this study
equipment, reagents as well as controls and cali-
brators were provided by the kit manufacturers
with the declared certificates (declaration of con-
formity according to directive 98/79 EC on in vitro
diagnostic medical devices - CE IVD mark). Anoth-
er one is that the Atellica IM HCY method, contrary
to the HPLC-FD one, is fully automated. Hence, in
the former the risk of error of the analyst perform-
ing the determination has therefore been signifi-
cantly reduced. The possible limitation of the
HPLC-FD method may be the potential risk with
destruction of the fluorescent tHcy adduct by light
after derivatization that could be the reason for
the lower tHcy concentrations observed applying
the HPLC-FD method. However, the results pre-
sented by Ubbink et al. showing great consistence
of the results obtained by the HPLC-FD and GC-MS
methods (the mean difference between the meth-
ods was - 1.42 umol/L resulting in the mean pro-
portional bias: - 6.2%) eliminated this possibility
(17). In addition, to protect the samples against the
light, the non-transparent dark vials were used
provided by the kit manufacturer in which the
samples were prepared for analysis to limit this
potential source of error.

In the light of the above, it should be stated that
the lower homocysteine values obtained by HPLC-
FD compared to CLIA result from the greater selec-
tivity of the first method, which makes it a prefer-
ential method for analysing the total concentra-
tion of homocysteine in the patient’s blood serum.
This fact, however, imposes the need to set new
reference ranges.

Acknowledgements

We would like to thank the staff of the Alab Labo-
ratories (Medical Analysis Laboratory, Ceramiczna
1 Str. Lublin, Poland) for valuable advice and sup-
port of this work.

Potential conflict of interest

None declared.

https://doi.org/10.11613/BM.2020.030703

6



Paprotny t. et al.

Comparison of homocysteine analysis by CLIA and HPLC-FD

References

1.

10.

11.

12.

13.

4.

Cardiovascular diseases, health topics. World Health Orga-
nization. Available at: https://www.who.int/health-topics/
cardiovascular-diseases/. Accessed December 22th 2019.

. Djuric D, Jakovljevic V, Zivkovic V, Srejovic I. Homocysteine

and homocysteine-related compounds: an overview of the
roles in the pathology of the cardiovascular and nervous
systems. Can J Physiol Pharmacol. 2018;96:991-03. https://
doi.org/10.1139/cjpp-2018-0112

. Ganguly P, Alam SF. Role of homocysteine in the deve-

lopment of cardiovascular disease. Nutr J. 2015;14:6.
https://doi.org/10.1186/1475-2891-14-6

. Zaric BL, Obradovic M, Bajic V, Haidara MA, Jovanovic M,

Isenovic ER. Homocysteine and hyperhomocysteinaemia.
Curr Med Chem. 2019;26:2948-61. https://doi.org/10.2174/
0929867325666180313105949

. Ganguly P, Alam SF. Role of homocysteine in the deve-

lopment of cardiovascular disease. Nutr J. 2015;14:6.
https://doi.org/10.1186/1475-2891-14-6

. Refsum H, Smith AD, Ueland PM, Nexo E, Clarke R, McPar-

tlin J, Johnston C, et al. Facts and recommendations
about total homocysteine determinations: an expert opi-
nion. Clin Chem. 2004,50:3-32. https://doi.org/10.1373/
clinchem.2003.021634

Peng HY, Man CF, Xu J, Fan Y. Elevated homocysteine levels
and risk of cardiovascular and all-cause mortality: a meta-
analysis of prospective studies. J Zhejiang Univ Sci B. 2015;
16:78-86. https://doi.org/10.1631/jzus.B1400183

. Piazzolla G, Candigliota M, Fanelli M, Castrovilli A, Berardi E,

Antonica G, Battaglia S, et al. Hyperhomocysteinemia is an
independent risk factor of atherosclerosis in patients with
metabolic syndrome. Diabetol Metab Syndr. 2019;11:87.
https://doi.org/10.1186/513098-019-0484-0

. Alam SF, Kumar S, Ganguly P. Measurement of homocyste-

ine: a historical perspective. J Clin Biochem Nutr. 2019;
65:171-7. https://doi.org/10.3164/jcbn.19-49

Paprotny t, Celejewska A, Frajberg M, Wianowska D. Deve-
lopment and validation of GC-MS/MS method useful in di-
agnosing intestinal dysbiosis. J Chromatogr B Analyt Tech-
nol Biomed Life Sci. 2019;1130-1131:121822. https.//doi.
0rg/10.1016/j.jchromb.2019.121822

Ferin R, Pavdo ML, Baptista J. Methodology for a rapid
and simultaneous determination of total cysteine, ho-
mocysteine, cysteinylglycine and glutathione in plasma
by isocratic RP-HPLC. J Chromatogr B Analyt Technol Bio-
med Life Sci. 2012;911:15-20. https.//doi.org/10.1016/].jc-
hromb.2012.10.022

Frick B, Schrocksnadel K, Neurauter G, Wirleitner B, Artner-
Dworzak E, Fuchs D. Rapid measurement of total plasma
homocysteine by HPLC. Clin Chim Acta. 2003; 331:19-23.
https://doi.org/10.1016/50009-8981(03)00076-7

Kocovd Vickovd H, Pilatovd V, Svobodovd P, Plisek J, Svec F,
Novdkovd L. Current state of bioanalytical chromatography
in clinical analysis. Analyst. 2018;143:1305-25. https://doi.
0rg/10.1039/C7AN01807J

Fermo |, Mazzola G, D’Angelo A, Paroni R. Determination of
total plasma homocysteine: Comparison of a new enzyme
immunoassay and a HPLC method. Thromb Haemost.
2000;83:968-9. https://doi.org/10.1055/5-0037-1613955

https://doi.org/10.11613/BM.2020.030703

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

La’ulu SL, Rawlins ML, Pfeiffer CM, Zhang M, Roberts WL.
Performance characteristics of six homocysteine assays. Am
J Clin Pathol. 2008;130:969-75.

McCann SJ, Gillingwater S, Keevil BG, Cooper DF, Morris
MR. Measurement of total homocysteine in plasma and
blood spots using liquid chromatography-tandem mass
spectrometry: comparison with the plasma Abbott IMx
method. Ann Clin Biochem. 2003;40:161-5. https://doi.
org/10.1258/000456303763046094

Ubbink JB, Delport R, Riezler R, Vermaak WJ. Comparison of
three different plasma homocysteine assays with gas chro-
matography-mass spectrometry. Clin Chem. 1999;45:670-5.
https://doi.org/10.1093/clinchem/45.5.670

Mourvaki E, Ferrante F, Ghirarduzzi A, Brini M, Depun-
zio I, lorio A. Performance comparison of three assay met-
hods used in fasting and postmethionine load plasma ho-
mocysteine determinations from patients with vascu-
lar disease. Am J Clin Pathol. 2005;124:675-81. https.//doi.
0rg/10.1309/0F85MTU8KL3D7JJP

S-Monovette Hcy-Z-Gel, Stability of Hcy concentrati-
on for up to 96 hours after blood collection. Sarstedt AG
& Co. Niimbrecht, Germany, Available at:  https://www.
sarstedt.com/fileadmin/user_upload/99_Broschueren/
Englisch/467_a_S_MonovHCY_Z_Gel_GB_0910.pdf. Acce-
ssed April 22th 2020.

Passing H, Bablok W. A new biometrical procedure for te-
sting the equality of measurements from two different
analytical methods. Application of linear regression proce-
dures for method comparison studies in Clinical Chemistry,
Part I. J Clin Chem Clin Biochem. 1983,;21:709-20. https://
doi.org/10.1515/cclm.1983.21.11.709

Bili¢-Zulle L. Comparison of methods: Passing and Bablok
regression. Biochem Med (Zagreb). 2011,21:49-52. https://
doi.org/10.11613/BM.2011.010

Clinical and Laboratory Standard Institute (CLSI): Measure-
ment procedure comparison and bias estimation using pa-
tient samples. Approved guideline - Fifth Edition. CLSI docu-
ment EP09-A3. Wayne, PA, USA, 2013.

Giavarina D. Understanding Bland Altman analysis. Biochem
Med. 2015,25:141-51. https://doi.org/10.11613/BM.2015.015
Zappacosta B, Persichilli S, Scribano D, Minucci A, Lazzaro D,
DeSole P, et al. Comparing different methods for homocyste-
ine determination. Clin Chem Lab Med; 2002;40:1139- 42.
https://doi.org/10.1515/cclm.2002.200

Donnelly JG, Pronovost C. Evaluation of the Abbott IMx™
fluorescence polarization immunoassay and the Bio-
Rad enzyme immunoassay for homocysteine: com-
parison  with  high-performance liquid chromato-
graphy. Ann Clin Biochem; 2000;37:194- 8. https://doi.
0rg/10.1258/0004563001898998

Demuth K, Ducros V, Michelsohn S, Paul JL. Evaluation of
Advia Centaur automated chemiluminescence immunoa-
ssay for determining total homocysteine in plasma. Clin
Chim Acta. 2004;349:113-20. https://doi.org/10.1016/j.
cccn.2004.06.012

Fortin LJ, Genest J. Measurement of homocysteine in the
prediction of atherosclerosis. Clin Biochem. 1995;28:155-62.
https://doi.org/10.1016/0009-9120(94)00073-5

Biochem Med (Zagreb) 2020,;30(3):030703

7


https://www.who.int/health-topics/cardiovascular-diseases/
https://www.who.int/health-topics/cardiovascular-diseases/
https://doi.org/10.1139/cjpp-2018-0112
https://doi.org/10.1139/cjpp-2018-0112
https://doi.org/10.1186/1475-2891-14-6
https://doi.org/10.2174/0929867325666180313105949
https://doi.org/10.2174/0929867325666180313105949
https://doi.org/10.1186/1475-2891-14-6
https://doi.org/10.1373/clinchem.2003.021634
https://doi.org/10.1373/clinchem.2003.021634
https://doi.org/10.1631/jzus.B1400183
https://doi.org/10.1186/s13098-019-0484-0
https://doi.org/10.3164/jcbn.19-49
https://doi.org/10.1016/j.jchromb.2019.121822
https://doi.org/10.1016/j.jchromb.2019.121822
https://doi.org/10.1016/j.jchromb.2012.10.022
https://doi.org/10.1016/j.jchromb.2012.10.022
https://doi.org/10.1016/S0009-8981(03)00076-7
https://doi.org/10.1039/C7AN01807J
https://doi.org/10.1039/C7AN01807J
https://doi.org/10.1055/s-0037-1613955
https://doi.org/10.1258/000456303763046094
https://doi.org/10.1258/000456303763046094
https://doi.org/10.1093/clinchem/45.5.670
https://www.sarstedt.com/fileadmin/user_upload/99_Broschueren/Englisch/467_a_S_MonovHCY_Z_Gel_GB_0910.pdf. Accessed April 22th 2020
https://www.sarstedt.com/fileadmin/user_upload/99_Broschueren/Englisch/467_a_S_MonovHCY_Z_Gel_GB_0910.pdf. Accessed April 22th 2020
https://www.sarstedt.com/fileadmin/user_upload/99_Broschueren/Englisch/467_a_S_MonovHCY_Z_Gel_GB_0910.pdf. Accessed April 22th 2020
https://www.sarstedt.com/fileadmin/user_upload/99_Broschueren/Englisch/467_a_S_MonovHCY_Z_Gel_GB_0910.pdf. Accessed April 22th 2020
https://doi.org/10.1515/cclm.1983.21.11.709
https://doi.org/10.1515/cclm.1983.21.11.709
https://doi.org/10.11613/BM.2015.015
https://doi.org/10.1515/cclm.2002.200
https://doi.org/10.1258/0004563001898998
https://doi.org/10.1258/0004563001898998
https://doi.org/10.1016/j.cccn.2004.06.012
https://doi.org/10.1016/j.cccn.2004.06.012

