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Abstract: Reference ranges are the most common decision support tool used for interpretation of numerical pathology
reports. As laboratory results may be interpreted by comparison with these ranges, the quality of the reference intervals
can play as large a role in result interpretation as the quality of the result itself. One of the key inflammatory markers in
the progression of atherosclerotic lesions is the level of circulating oxidised low density lipoprotein (oLDL) using a
sandwich type EIA. Having a reference range that is correct for the target population is important. The manufacturer of
the assay had calculated a reference range of 26-117 mU/L for the oLDL assay using only 148 ‘normal’ patients, our data
calculated the in-house reference range as 14.4 to 102.7 mU/L with a tolerance interval of 20.5 to 96.8 mU/L for 90% of
the population. In this instance there was a slight difference between the manufacturer’s range and the calculated in-

house range.
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INTRODUCTION

Inflammation is an important feature of
atherosclerotic lesions and acute coronary syndromes
and studies have shown an increase in inflammatory
markers including C-reactive protein and interleukins in
both stable and acute angina [1-5]. One of the other key
markers in the genesis of the inflammatory process has
been oxidised low density lipoprotein (oLDL) [6-8].
Oxidative modification of LDL alters its biological
properties, resulting in chemotaxis of monocytes or T
lymphocytes in addition to the modulation of growth
factors and cytokine production from endothelial cells,
smooth muscle cells, and macrophages [9]. Goldstein et
al originally reported a process of LDL maodification
involved in the phenotypic change of macrophages to
foam cells in evolving stages of atherosclerosis [10].
Studies have shown that increased circulating oLDL
concentrations are related to cardiovascular disease,
although not always independently after adjustment for
classical lipid markers and can be affected by many
biological and lifestyle factors, as well as (generalized)
subclinical atherosclerosis [11-13].

During the primary validation of the oLDL
assay at Quest Diagnostics in Heston, UK, a reference
range had been assigned based on the manufacturer’s
recommendation (26-117 mU/L), for heparin plasma.

The aim of this study was to analyse levels of oLDL in
a larger asymptomatic population to confirm the
validation range and see if a new in-house range had to
be defined.

MATERIALS AND METHODS
Study Population

1510 samples were collected from patients of
north European origin. They were healthy adults
evenly distributed by sex and age. Exclusion criteria
were any self-reported disease eg diabetes, cancers,
known cardiac problems or severe dementia.

Plasma for the oLDL was collected by
centrifugation of the blood sample for 15 minutes at
1000 x g within 30 minutes of collection. The plasma
samples were then frozen and stored at -20°C before
being transported to the laboratory. The samples were
kept frozen until testing. Prior to testing the samples
were thawed, vortexed to remove layering effects and
then centrifuged 15 minutes at 1000 x g. All samples
were also tested for MMP-9, fibrinogen, insulin, and
free fatty acids using standardised methods.

Oxidised LDL Assay

2428


http://www.saspublishers.com/

Stephen Mortlock., Sch. J. App. Med. Sci., July 2016; 4(7B):2428-2432

The concentrations of oLDL were measured in
Heparin plasma using a plate assay (Oxidised LDL,
supplied by Mercodia AB, Sweden). The assay was a
solid phase two-site enzyme immunoassay. Based on
the direct sandwich technique in which two monoclonal
antibodies are directed against separate antigenic
determinants on the oxidised apolipoprotein B
molecule.

Statistical Analysis

The data were analysed using a combination of
the Kolmogorov—-Smirnov test (K-S test) and the
Shapiro-Wilk test. A Box-Cox variable transformation
technique was used to stabilize variance, to make the
data had a morenormal distribution and to improve the
validity of measures of association such as the
Kolmogorov-Smirnov test and the Shapiro-Wilk test
[14]. As there were a number of results in excess of the
manufacturers’ recommended range, the Iglewicz and
Hoaglin robust test for multiple outliers was used to
remove extraneous values [15].

Reference ranges were calculated as the mean
result+ 2 standard deviation (SD) of the subjects tested.

RESULTS

Two hundred and sixty-four subjects were
excluded from the final analysis because of abnormal
results from one or more the other analytes leaving
1246 subjects in the studied population. These included
50 patients with abnormal insulin levels, 210 patients
with raised fibrinogen levels (136 males and 74
females) and 4 patients with raised MMP-9 results. A
graph was plotted showing the range of oLDLvalues
which showed that there was very little gender
bias(Figure 1). A graph and a histogram plot showing
the oLDL distribution were plotted (Figure 2 and Figure
3).The Kilgomorov-Smirnov test gave a p-value of
<0.0001 and the Shapiro-Wilk a value of <0.05. As the
p-value was very small it suggested that the data did not
follow a normal a normal distribution, if 0.01 and 0.05
were being used for the threshold. Because of this a
Box-Cox transformation calculation was used to
remove any bias in the distribution (Figure 4), and
finally to plot a normality graph (Figure 5) this had a A
value of 0.37 and a correlation of 0.998. These gave a
mean value of 58.7mU/L for the oLDL assay, with a
standard deviation of 22.1 for the population under
investigation.
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Fig-1: Range of oLDL values by gender
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Fig-2: Distribution of oLDL results
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Fig-3: Histogram of Original oLDL Data
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Fig-4: Histogram of Transformed oLDL Data (Box-Cox Transformation) A =0.37 (Correlation of 0.998)

Oplimal Lambda = 0.37

% _
E 4
=
8
§ _
T T T T
-2 -1 o 1 2
Lambda
A
-1 .
* if A0,
i — A
In(y) WWA=0,

Fig-5: Box-Cox Normality Plot
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The manufacturer gave a reference range of
26-117 mU/L for the oLDL assay using only 148
‘normal’ patients, our data calculated the in-house
reference range as 14.4 to 102.7mU/L with a tolerance
interval of 20.5 to 96.8 mU/L for 90% of the
population.

DISCUSSION

Recent studies have suggested the plasma
oLDL concentrations may change under pre-
pathological and post-pathological conditions. It has
been shown that oLDL may be transferred between
tissues and plasma and does not merely accumulate in
the lesions but is equilibrated between the tissues and
circulation with the liver being the major organ for the
clearance of oLDL from circulation [16]. The biological
effects oLDL have been shown to contribute to
initiation and progression of the atherosclerotic process,
and there is an association between cardiovascular
disease and oxidation of LDL [17, 18]. Because oLDL
is thought to play a key role in the genesis of the
inflammatory process in atherosclerotic lesions, the
question arises whether an increase in the blood levels
of oLDL could be involved. Certainly, oLDL generated
in the vessel wall may diffuse into the circulation and
LDL in the circulation may in part be oxidatively
modified. Also LDL extracted from atherosclerotic
lesions is in part oxidatively modified, and second,
immune-histochemical  investigations show that
atherosclerotic lesions react with antibodies generated
against oLDL antibodies. Although either is possible,
evidence favours the former as the mechanism by which
circulating oLDL is generated [19-21].

Given the obvious clinical atherogenic role of
oLDL, studies have been directed at detecting oLDL
levels in the circulation, with expectations that oLDL
levels would be a biochemical marker for
atherosclerosis [22, 23]. The limitation of the present
study is there were no results for the relationship
between circulating oLDL and other potential risk
factors, such as Lp(a) and homocysteine, although
studies have shown the additive value to lipid
measurement for cardiovascular risk prediction as
inconsistent.”* But having a reference range that is
correct for the target population is important. In this
instance there was a slight difference between the
manufacturer’s range and the calculated in-house range.

REFERENCES

1. Berliner JA, Navab M, Fogelman AM, Frank JS,
Demer LL, Edwards PA, Watson AD, Lusis AJ;
Atherosclerosis:  basic mechanisms: oxidation,
inflammation, and genetics. Circulation, 1995;
91:2488-2496.

2. Ross R; The pathogenesis of atherosclerosis: a
perspective for the 1990s. Nature, 1993; 362:801—
809.

3.

10.

11.

12.

13.

14.

15.

16.

17.

Haverkate F, Thompson SG, Pyke SDM, Gallimore
JR, Pepys-Group M; Production of C-reactive
protein and risk of coronary events in stable and
unstable angina: European Concerted Action on
Thrombosis and Disabilities Angina Pectoris
Group. Lancet, 1997; 349: 462-466.

Hasdai D, Scheinowitz M, Leibovitz E, Sclarovsky
S, Eldar M, Barak V; Increased serum
concentrations of interleukin-1 beta in patients with
coronary artery disease. Heart, 1996; 76(1):24-8.
Steinberg D, Parthasarathy S, Carew TE, Khoo JC,
Witztum JL; Beyond cholesterol: modifications of
low-density  lipoprotein  that increase its
atherogenicity. N Engl J Med., 1989; 320: 915-
924,

Witzum JL, Steinberg D; Role of oxidized low
density lipoprotein in atherogenesis. J Clin Invest.,
1991; 88:1785-1792.

Penn MS, Chisolm GM; Oxidized lipoproteins,
altered cell function and atherosclerosis.
Atherosclerosis, 1994; 108:521-S29.

Steinberg D, Lewis A; Conner Memorial Lecture:
oxidative modification of LDL and atherogenesis.
Circulation, 1997; 95:1062-1071.

Arnold-Maclean C, Mortlock S; Monitoring the
performance of an oxidised LDL assay. The
Biomedical Scientist (2014); 59: 484-487.
Goldstein JL, Ho YK, Basu SK, Brown MS;
Binding site on macrophages that mediates uptake
and degradation of acetylated low density
lipoprotein,  producing  massive  cholesterol
deposition. ProcNatlAcad Sci.,, USA, 1979; 76:
333-337.

Miller MA, Stazzullo P, Karanam S, Cappuccio
FP; Ethnic variation in levels of circulating 19G
autoantibodies to oxidised low density lipoprotein.
Atherosclerosis, 2009; 203: 126- 136.

Witztum JL; Role of oxidised low density
lipoprotein in atherogenesis. Br Heart J., 1993; 69:
S12-s18.

Fink R, Mortlock S, Pearce R, Raamkoleea P,
Underhill J; Association of y-Glutamyl Transferase
with Cardiovascular Risk: A prognostics Outlook.
Arc Med Res., 2010; 41: 232.

Wessa P; Box-Cox Normality Plot (v1.1.5) in Free
Statistics  Software (v1.1.23-r7), Office for
Research Development and Education, 2013, URL
http://www.wessa.net/rwasp_boxcoxnorm.wasp/
Grubbs FE; Sample criteria for testing outlying
observations. The Annals of Mathematical
Statistics, 1950; 21: 27-58.

Itabe H, Obama T, Kato R; The Dynamics of
Oxidized LDL during Atherogenesis. Journal of
Lipids, 2011; 2011: 9.

Ehara S, Ueda M, Naruko T, Haze K, Itoh A,
Otsuka M, Komatsu R, Matsuo T, Itabe H, Takano
T, Tsukamoto Y; Elevated levels of oxidized low
density lipoprotein show a positive relationship

2431


http://www.hindawi.com/30391918/
http://www.hindawi.com/90358210/
http://www.hindawi.com/25838923/

Stephen Mortlock., Sch. J. App. Med. Sci., July 2016; 4(7B):2428-2432

18.

19.

20.

21.

22.

23.

24.

with the severity of acute coronary syndromes.
Circulation, 2001; 103(15):1955-60.

Holvoet P, Johan Vanhaecke J, Janssens S, van
deWerfF, Collen D; Oxidized LDL and
Malondialdehyde-Modified LDL in Patients With
Acute Coronary Syndromes and Stable Coronary
Artery Disease. Circulation, 1998; 98: 1487-1494.
Kasahara J, Kobayashi K, Maeshima Y, Yamasaki
Y, Yasuda T, Matsuura E, Makino H; Clinical
significance of serum oxidized low-density
lipoprotein/B2-glycoprotein | complexes in patients
with chronic renal diseases. Nephron Clinical
Practice, 2004; 98(1):c15-24.

Elkan AC, Sjéberg B, Kolsrud B, Ringertz B,
Hafstrom |, Frostegard J; Gluten-free vegan diet
induces decreased LDL and oxidized LDL levels
and raised atheroprotective natural antibodies
against  phosphorylcholine in  patients  with
rheumatoid arthritis: a randomized study. Arthritis
research & therapy, 2008; 10(2):1.

Uno M, Kitazato KT, Nishim K, Itabe H, Nagahiro
S; Raised plasma oxidised LDL in acute cerebral
infarction. J NeurolNeurosurg Psychiatry, 2003;
74: 312-316.

Holvoet P, Donck J, Landeloos M, Brouwers E,
Luijtens K, Arnout J, Lesaffre E, Vanrenterghem
Y, Collen D; Correlation between oxidized low
density lipoproteins and von Willebrand factor in
chronic renal failure. Thrombosis and haemostasis,
1996; 76(5):663-9.

Ziouzenkova O, Asatryan L, Akmal M, Tetta C,
Wratten ML, Loseto-Wich G, Jirgens G, Heinecke
J, Sevanian A; Oxidative cross-linking of ApoB100
and hemoglobin results in low density lipoprotein
modification in blood relevance to atherogenesis
caused by hemodialysis. Journal of Biological
Chemistry, 1999; 274(27):18916-24.

Toshima SI, Hasegawa A, Kurabayashi M, Itabe H,
Takano T, Sugano J, Shimamura K, Kimura J,
Michishita 1, Suzuki T, Nagai R; Circulating
oxidized low density lipoprotein levels a
biochemical risk marker for coronary heart disease.
Avrteriosclerosis, thrombosis, and vascular biology,
2000; 20(10):2243-7.

2432


http://circ.ahajournals.org/search?author1=Paul+Holvoet&sortspec=date&submit=Submit
http://circ.ahajournals.org/search?author1=Johan+Vanhaecke&sortspec=date&submit=Submit
http://circ.ahajournals.org/search?author1=Stefaan+Janssens&sortspec=date&submit=Submit
http://circ.ahajournals.org/search?author1=Frans+Van+de+Werf&sortspec=date&submit=Submit
http://circ.ahajournals.org/search?author1=Frans+Van+de+Werf&sortspec=date&submit=Submit
http://circ.ahajournals.org/search?author1=D%C3%A9sir%C3%A9+Collen&sortspec=date&submit=Submit

