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Abstract
Background: Oxidised low-density lipoprotein (Ox-LDL) plays a key role in atherosclerosis. Our aim was to determine whether serum
autoantibodies against Ox-LDL (Ab Ox-LDL) differ by ethnic group.
Design and methods: Soluble serum Ab Ox-LDL levels were measured in 250 white (113 females), 169 African origin (91 females) and 196
South Asian (92 females) individuals from the Wandsworth Heart and Stroke Study (WHSS) population. All were free from coronary heart
disease (CHD), stroke, other cardiovascular disease, diabetes, drug therapy for hypertension or high lipids, hormone replacement therapy or
oral contraceptive pill.
Results: There were no sex differences in levels of Ab Ox-LDL, but levels were higher in non-smokers (430 U/L [95% CI 471–596]) than
in smokers (384 U/L [316–468]) (p < 0.009). Age- and sex-adjusted levels of Ab Ox-LDL were higher in people of African origin and South
Asians compared to whites. This difference was maintained in South Asian women following adjustment for multiple risk factors (82%
[21–175]; p = 0.004). Ab Ox-LDL levels were negatively associated with serum triglycerides and positively associated with sVCAM-1.
Conclusions: Higher IgG Ab to Ox-LDL are associated with higher levels of sVCAM-1 and, are elevated in female South Asian individuals
who have an increased risk of atherosclerosis compared to whites.
© 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Oxidised low-density lipoprotein (Ox-LDL) has been
implicated in the pathogenesis of atherosclerosis. Circulating
Ox-LDL originates from mild oxidation in the arterial wall.
Oxidation of LDL enhances its uptake by monocytes [1] and
can directly stimulate monocyte infiltration and smooth muscle cell migration and proliferation. Moreover, it contributes
to atherothrombosis by inducing apoptosis of endothelial
cells and plaque erosion [2]. Ox-LDL is immunogenic and
can lead to the production of autoantibodies, which are
detectable in human sera. In many organ-specific diseases
autoantibodies have been used to predict disease development
and progression [3]. Antibodies to Ox-LDL have been sug∗
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gested as markers for oxidative stress and as markers of the
atherosclerotic processes including inflammation, endothelial dysfunction and LDL oxidation [4,5] (Table A1, Ref.
[4]) and antibodies against epitopes of Ox-LDL have been
found in human atherosclerotic lesions [6].
Some early studies (1992–2002) suggested that the presence of autoantibodies to Ox-LDL (Ab Ox-LDL) may be
associated with and indeed predict carotid atherosclerosis progression [4] (Table A1, Ref. [4]) However, others
failed to confirm such relationships [7–9]). These conflicting results may arise both from biological variability
in immune responses, the presence of circulating soluble
immune complexes, as well as from methodological considerations affecting serum Ox-LDL antibody determination
[10,11].
Later studies and in particular those which have used
the oLAB IgG ELISA kit from Biomedica have demon-
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strated more uniform results [5,12–16] (Table A1, Ref.
[5,12–16,37]). In particular, Ab Ox-LDL was associated
with markers of inflammation and was an independent risk
factor for adverse cardiac events [16]. However, studies
performed at this time, using methods which determine IgM
Ox-LDL autoantibodies, have suggested that higher levels
of IgM Ab Ox-LDL may predict a favourable outcome
(Table A1, Ref. [38]) and may have an inverse association
with carotid atherosclerosis (Table A1, Ref. [39]). This
dichotomy between different autoantibodies was confirmed
in a recent study in which both IgG and IgM autoantibodies
to Ox-LDL were determined in the same individuals. That
study demonstrated that, whereas IgG autoantibodies were
positively associated with coronary artery disease IgM were
inversely associated [17]. However, in a study of healthy
Japanese individuals it was observed that plasma Ox-LDL
was inversely correlated with oLAB IgG Ab Ox-LDL
[18].
Coronary heart disease (CHD) is more common amongst
South Asians and is markedly reduced in blacks [20,21].
This holds true in the country of origin and when the
individuals migrate to a new host country [19,20]. OxLDL can up-regulate the expression of adhesion molecules
[21], either directly [22] or indirectly, by amplifying the
release of cytokines [23]. We have shown that whilst, there
are no detectable differences in adhesion molecule levels
between South Asians and whites; healthy people of first
generation black African origin, living in England, have
significantly lower levels of sICAM-1, sVCAM-1 and sPselectin [24].
The purpose of this study was to investigate whether (a) Ab
Ox-LDL are associated with CHD risk by using an essentially
healthy population derived from three different ethnic groups
as a model of differing CHD risk; (b) there are any associations with CHD risk factors; (c) any difference between ethnic
groups may be explained by associations with cardiovascular
and CHD risk factors.

2. Materials and methods
2.1. Subjects
As described previously, ‘healthy’ individuals were
selected from the Wandsworth Heart and Stroke Study
(WHSS) population of whom 615 had samples suitable for
analysis [24,25]. The subjects were not on hypertension or
lipid lowering medication and not taking the oral contraceptive pill or hormone replacement therapy and they did not
have any previous medical history of ischaemic heart disease, stroke or diabetes. Of the individuals studied, 250 were
white (113 females), 169 were of African origin (91 females)
and 196 were of South Asian origin (92 females). People
of African origin were all first generation immigrants. The
Local Ethics Committee approved the study. All participants
gave their informed consent to participate.
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2.2. Methods
Subjects who had fasted overnight and had refrained from
smoking or taking vigorous exercise were seen between
08:00 a.m. and 12:00 noon the following day. A detailed
questionnaire was administered and height and weight were
measured [25]. Blood pressure was taken with standard methods and an automated recorder [25]. Fasting blood was taken
in the seated position without stasis [25].
2.3. Biochemical measurements
Serum Ox-LDL levels were determined by measuring IgG
antibodies (Ab) to Ox-LDL using commercially available
ELISA kits (oLAB; Biomedica). These kits use highly specific autoantibodies for Ox-LDL to preclude the possibility
of cross-reactivity with other autoantibodies. Serum samples
had been stored at −40 ◦ C and defrosted at room temperature prior to analysis. Medium and high quality control pools
were included in each assay. The intra- and inter-assay coefficients of variation were <10%. Biochemical measurements
were performed with standardised methods, as described previously [25].
2.4. Framingham risk scores
These were calculated using published equations for
predicting the incident risk of CHD and combined cardiovascular disease risk from the Framingham study as previously
described [26].
2.5. Statistical analysis
The distribution of serum Ab Ox-LDL levels was
positively skewed; therefore analyses were performed on logtransformed data. Results are presented as geometric mean
and 95% confidence intervals (CI). Differences between ethnic groups (adjusted for age and sex) were tested using
analysis of co-variance. Caribbean and West Africans were
compared separately to whites as a reference using multiple regression, adjusting for age and sex, smoking, measures
of obesity, social class, serum lipids, blood pressure, serum
insulin and plasma total homocysteine. Since the independent variables have been log-transformed prior to analysis
the regression coefficients (β) and 95% CI were exponentiated and expressed as the percentage increase in Ab Ox-LDL
in each ethnic group compared to whites. A p value of less
than 0.05 was considered statistically significant.

3. Results
3.1. Population characteristics and levels of Ab Ox-LDL
As previously described [24] and outlined in Table 1
there were marked ethnic differences in the cardiovas-
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Table 1
Age and sex adjusted characteristics of 615 men and women aged 40–59 years of different ethnic groups living in Wandsworth, South London, 1994–1996
White (n = 250)
(kg/m2 )

Body mass index
Waist:hip ratio
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
Serum triglycerides (mmol/L)a
Serum glucose (mmol/L)
Serum insulin (mU/L)a
Vitamin C
Plasma homocysteine (mol/l)a
sE-selectin (ng/mL)a
sP-selectin (ng/mL)a
sICAM-1 (ng/mL)a
sVCAM-1 (ng/mL)a
Ox-LDL antibodies (U/L)a
10-Year CHD risk (%)
10-Year CVD risk (%)

25.7 (25.2–26.2)
0.86 (0.85–0.86)
123.1 (120.1–125.2)
78.6 (77.3–79.8)
6.1 (6.0–6.3)
1.41 (1.37–1.45)
1.09 (1.03–1.15)
5.01 (4.94–5.08)
6.8 (6.3–7.3)
44.6 (41.4–47.7)
10.0 (9.6–10.3)
45.3 (43.0–47.7)
72 (69–75)
275 (264–287)
434 (421–448)
377 (330–432)
7.75 (7.18–8.32)
10.27 (9.53–11.02)

African origin (n = 169)
(26.6–27.9)††

27.2
0.87 (0.86–0.88)
126.9 (124.2–129.6)†
83.2 (81.7–84.7)††
5.5 (5.3–5.7)††
1.49 (1.44–1.55)†
0.71 (0.71–0.82)††
4.93 (4.85–5.01)
7.7 (7.1–8.5)†
41.8 (38.3–45.4)
9.5 (9.1–9.9)
45.9 (43.1–48.9)
58 (54–61)††
187 (178–197)††
388 (373–403)††
526 (445–621)†
5.70 (5.01–6.4)††
8.21 (7.29–9.12)†

South Asian (n = 196)

p

25.4 (24.9–26.1)
0.88 (0.87–0.89)##
125.7 (123.3–128.2)
81.3 (79.9–82.7)#
5.7 (5.5–5.9)##
1.21 (1.16–1.26)##
1.31 (1.25–1.42)##
5.05 (4.98–5.13)
10.3 (9.5–11.2)##
36.2 (32.8–39.7)#
11.4 (11.0–11.9)##
45.7 (43.1–48.5)
72 (69–76)
267 (255–281)
443 (428–460)
578 (495–675)##
8.12 (7.48–8.76)
10.46 (9.61–11.30)

<0.001
<0.001
=0.670
<0.001
<0.001
<0.001
<0.001
=0.111
<0.001
<0.002
<0.001
=0.940
<0.001
<0.001
<0.001
<0.001
<0.001
=0.001

Results are means or percentages (95% CI). p-Values are for test of heterogeneity between ethnic groups by analysis of co-variance or chi-square statistics.
There were no more than two values missing from any cell. Comparison African vs. whites † p < 0.05, †† p < 0.001; and comparison South Asians vs. whites
# p < 0.05, ## p < 0.001.
a Geometric means.

cular/CHD risk factors. Levels of Ab Ox-LDL were
significantly higher in South Asian (578 U/L [95% CI
495–675]) and black (526 U/L [445–621]) individuals compared to whites (377 U/L [330–432]) (p < 0.001). There were
no significant sex differences in serum Ab Ox-LDL levels.

r = 0.26, p < 0.001; African origin: r = 0.18, p = 0.002; South
Asian: r = 0.20, p < 0.001). There were no associations
between any of the other adhesion molecule levels and
levels of Ab Ox-LDL. There was also no association
between serum HDL, fasting insulin and levels of Ab OxLDL.

3.2. Smoking

3.4. Multiple regression and sub-group analysis

Smoking rates vary with ethnic group [24]. In the total
group there was a trend for Ab Ox-LDL to be lower in the
smokers (384 U/L [95% CI 318–468]) compared to the exsmokers (471 U/L [95% CI 380–584]) and never-smoked
group (529 U/L [95% CI 471–596] p = 0.031). These differences were not significant when the men and women
were analysed separately In the total group the difference
between the lower levels of Ab Ox-LDL in the current smokers compared to the non-smokers (−27% [8–43]) was highly
significant (p < 0.009).

Adjustment for multiple risk factors abolished the difference in serum Ab Ox-LDL levels between whites and people
of African origin. However, the differences between whites
and South Asians were maintained (Fig. 1 and Table A2a).
Further analysis by sex showed that as for the total group multiple adjustments abolished the difference between whites
and Africans both for the females (Table A2b) and males
(Table A2c). In the South Asians after adjustment for multiple risk factors the difference was maintained in females but
the statistical significance was lost in males (p for interaction = 0.088) (Fig. 1).
Age-, sex- and smoking-adjusted levels of Ab Ox-LDL
were the same in Caribbean compared to West African
individuals (559 U/L [430–726]) vs. (485 U/L [348–677];
p = 0.441). Age-, sex- and smoking-adjusted levels of Ab OxLDL were significantly lower in the 61 Muslims compared to
the 97 Hindus (453 U/L [331–618]) vs. 685 U/L [505–930];
p = 0.010). In the total group there was a difference between
vegetarians (n = 68) and non-vegetarians (n = 518) after multiple adjustments (as in Model 7 of Appendix 2A) (654 U/L
[491–871] vs. 423 U/L [379–472]). However, this difference
was not significant when each of the ethnic groups was analysed separately.

3.3. Correlation analysis
Partial correlation analysis was performed between Ab
Ox-LDL and conventional cardiovascular/CVD risk factor variables. In the total group there were two highly
significant correlations, the first was a negative association with serum triglycerides (r = −0.12; p = 0.004)
which was only maintained in the whites (r = −0.16;
p = 0.01) when each ethnic group was analysed separately. The second was a positive association between
Ab Ox-LDL and sVCAM-1 (r = 0.20; p < 0.001). This
association was maintained in each ethnic group (white:
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Fig. 1. Multiple regression of antibodies to oxidised LDL as dependent variable. Upper panel (total group); middle panel (women); lower panel (men).
Percentage difference in levels of antibodies to oxidised LDL in people
of African origin and in South Asians compared with white individuals.
Model 1 (), adjustment for age and sex; model 2 (䊉), model 1 and adjustment for smoking; model 3 (), model 2 and adjustment for waist-to-hip
ratio and diastolic blood pressure; model 4 (), model 3 and adjustment for
serum triglycerides; model 5 (—), model 4 and adjustment for serum fasting
glucose, total homocysteine and social class.

4. Discussion
4.1. Main ﬁndings
Apparently healthy, first generation black African (West
African and Caribbean) and South Asian individuals had significantly higher levels of autoantibodies to oxidised LDL
(Ab Ox-LDL) than whites. However, whereas the difference
in Ab Ox-LDL levels between whites and Africans were
attenuated by adjustment for multiple cardiovascular/CHD
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risk factors the differences between South Asians and whites
persisted.
Ox-LDL is generated by the action of free radicals and perhaps even more importantly, by two-electron oxidants, such
as HOCl and ONOO [27] results in the appearance of modified epitopes which are immunogenic. As a consequence
of this action oxidised LDL antibodies are generated. As
described in Section 1, the biological significance of these
autoantibodies in humans has remained unclear. It has been
suggested that whereas IgM autoantibodies may be antiatherogenic IgG autoantibodies may be atherogenic. Not all
of the previous studies are consistent with this observation
[12,18] and our results are only partially, consistent with the
idea that whilst following multiple adjustments the levels
were elevated in South Asians who have the highest coronary risk, and by contrast the levels were lower in smokers
as compared to non-smokers.
As well as differences in methods for determining OxLDL, differences may arise from sample or patient selection.
As a previous study demonstrated an inverse association
between LDL autoantibodies and microvascular complications in diabetes [28], we excluded diabetics from this study
and adjusted the comparisons for insulin levels. Other factors, such as diet, may also be of importance but in this
study we did not find any difference in Ab Ox-LDL levels
between vegetarians and non-vegetarians when each ethnic
group was analysed separately and differences in other factors which are effected by diet such as serum lipid levels were
adjusted for in our multiple regression models (Table A2a and
Tables A2b and A2c). Both our study and the one by Shoji
et al. [18] were performed in essentially healthy individuals
and it is conceivable that the role of such antibodies may
vary depending on the stages of atherogenesis. Whether or
not the excess of Ab Ox-LDL in South Asians and in particular, South Asian women plays a role in the observed sex, and
ethnic differences in CHD remains to be determined.
In agreement with a previous study in whites [29], in
each of our ethnic groups there was a positive association
between Ab Ox-LDL and sVCAM-1. Intriguingly, British
South Asians who experience a higher morbidity and mortality from CHD compared to whites had higher Ab Ox-LDL
but there was no concomitant increase in sVCAM-1 levels.
The reason for this is unclear but may suggest that different
mechanisms and factors may be important in determining circulating levels in different ethnic groups. Moreover, although
the black individuals also had higher levels of Ab Ox-LDL
these were explained by cardiovascular/CHD risk factors and
in these individuals there was no concomitant increase in
sVCAM-1 levels.
4.2. External validity and comparison with other studies
Our study is consistent with other studies, which have
shown a negative association between Ox-LDL antibody levels and smoking [12] and serum triglycerides (Table A1, Ref.
[44]).
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4.3. Strengths and limitations
Our study is population-based and used random sampling
from the general population co-resident in an inner city borough with a high proportion of ethnic minority populations.
The participants lived within the same geographical area and
this might have mitigated some potential effects of differences in environmental background including differences in
socio-economic status. The study examined first generation
immigrants of ethnic minority groups with both parents born
in the country of origin and belonging to the same ethnic background, thus markedly reducing the possible impact arising
from an unknown degree of admixture. We used standardised
methods across all ethnic groups, thus minimising systematic bias. Moreover, our selection criteria excluded possible
effects due to disease status or pharmacological treatment.
Potential limitations of our study include its crosssectional design, which means it cannot establish
cause–effect relationship. Moreover, the decision to
exclude diabetics, treated individuals and women on the
oral contraceptive pill or hormone replacement therapy has
led to exclusions which varied by ethnic group. Whilst this
limits the generalisability of our findings to a rather healthy
population it does provide a valid assessment of differences
in serum Ab Ox-LDL due to ethnic background. Exclusion
of the diabetics is also important as it removes the possibility
that there could be differing amounts of immune complex
formation in diabetic patients especially in those from
different ethnic groups, which could have interfered with the
results. Although, we do not have detailed dietary histories
in our individuals we have shown that the Ab Ox-LDL levels
in vegetarians and non-vegetarians within each ethnic group
are not different.
4.4. Implications
Whilst our study demonstrates that there are ethnic differences in circulating soluble Ab Ox-LDL, it is not possible
to determine whether there are ethnic differences in soluble immune complex formation. The study does however,
confirm previous associations between cardiovascular/CHD
risk factors such as smoking and Ab Ox-LDL levels. There
are numerous potential mechanisms whereby oxidised LDL
autoantibodies may contribute to atherogenesis. Doo et al.
[16] have demonstrated a relationship between Ox-LDL
autoantibodies and CRP expression. Our initial analysis

demonstrated that South Asians and blacks had similar Ab
Ox-LDL levels but further analysis, adjusting for ethnic differences in cardiovascular/CHD risk factors, demonstrated
that South Asian women had higher Ab Ox-LDL levels than
white women and CRP levels are low in blacks and high
in South Asians. This adds further evidence to the hypothesis that the inflammatory pathways may vary between ethnic
groups and may vary according to sex.

5. Conclusions
Our study is the first to look at large numbers of male
and female individuals from different ethnic backgrounds.
We have shown that there are ethnic differences in circulating Ab Ox-LDL, which are partially, but not exclusively,
determined by ethnic differences in cardiovascular/CHD risk
factors. Moreover, these differences appear to vary according
to the sex of the individual. Furthermore, Ab Ox-LDL levels
were positively associated with sVCAM-1 levels in each ethnic group. Our results have highlighted the need for further
prognostic and functional studies in different ethnic groups.
This is important so as to establish whether inflammatory
and immunological mechanisms are important determinants
of the cardio-protection that exists in black individuals and
the enhanced coronary risk present in South Asians.
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Appendix A
Tables A1, A2a, A2b and A2c.

Table A1
Review of studies, which have determined the level of Ab Ox-LDL
Subjects

Method details

Key outcomes

Salonen et al. [4]

30 Eastern Finnish men and 30 age-matched controls

Compare autoantibodies to MDA-modified LDL and native
LDL

Hulthe et al. [30]

Patients with heterozygous FH (n = 51) and matched
controls (n = 45)

Solid-phase ELISA

George et al. [31]

74 patients (52 males and 22 females) with coronary
artery disease undergoing PTCA

‘In house’

Ehara et al. [32]

135 in total: 45 AMI; 45UAP; 45 SAP and 46 controls

‘In house’ sandwich ELISA to measure oxLDL by using
anti-ox LDL monoclonal antibody (DLH3)

Bergmark et al. [33]

62 patients (<50yrs) surgically treated for peripheral
artery occlusive disease and matched controls

Antibodies (IgG, IGA and IgM isotopes) were determined
by ELISA

Subjects with higher baseline levels of autoantibodies to
malondialdehyde-modified LDL (MDA-LDL) had the most
rapid progression of carotid atherosclerosis over a 2-year
follow up period
No difference in Ox-LDL Ab between control and patient
group
No significant relationship between Ox-LDL Abs and
extent of atherosclerosis as measured by ultrasound in
carotid or femoral arteries
Presence of anti-Ox-LDL Ab was associated with
hyperlipidemia r = 0.25; p < 0.05
No association between Ox-LDL Ab and diabetes,
smoking, hypertension
Patients positive for anti-OxLDL Ab were more likely to
undergo restenosis within 6 months following PTCA
(relative risk 1.87; p < 0.05)
Ox-LDL autoantibody levels are significantly correlated
with the severity of acute coronary syndromes
More severe lesions contain significantly higher percentage
of ox-LDL positive macrophages
Suggest that increased Ox-LDL autoantibody levels relate
to plaque instability
Patients had significantly higher autoantibodies to Ox-LDL

Maggi et al. [34].

94 patients with severe carotid atherosclerosis and 42
matched controls

ELISA with reference to Salonen (Lancet 1992)

Maggi et al. [35]

EH and NT controls

Hulthe et al. [7]

388 clinically health 58-year old men

ELISA (antigens: native LDL, Cu(2+) Ox-LDL &
MDA-LDL).
Antibody titers to modified LDL measured by ELISA

Amongst patients the presence of hypertension, family
history of cardiovascular events were significantly
associated with increased levels of autoantibodies against
LDL
Patients with carotid atherosclerosis had an Ab ratio
significantly higher than control subjects in regard to
anti-Ox-LDL IgG (1.78 ± 0.39 vs. 1.05 + 0.3) and IgM
(1.98 ± 0.83 vs. 1.40 ± 0.09) and anti-MDA-LDL IgG
(2.39 ± 0.51 vs. 2.04 ± 0.11) and IgM (4.18 ± 1.89 vs.
2.9 ± 0.15)
The highest titres were found in patients with associated
hyperlipidemia and hypertension
Ox-LDL Ab were significantly higher in the EH compared
to control individuals
Femoral artery IMT showed a negative correlation to
IgM-Ox-LDL Ab
Positive association with IgG-Ox-LDL Ab and IMT in the
common carotid artery
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Study (author & ref)
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Table A1 (Continued )
Study (author & ref)

Subjects

Paiker et al. [8]

26 homozygous FH patients without CAD; 24
heterozygotes with overt CAD and 10 healthy
normo-cholesterolaemic controls. Carotid intima media
thickness was used as an in vivo assessment of
atherosclerosis

Method details

73 men with BHT and 75 age-matched NT men

‘In house’ conventional ELISA at Karolinska Institute and
chemiluminescene ELISA at the University of California.

Van de Vijver et al. [36]

Group 1: angiographically documented severe coronary
stenosis (one vessel) n = 47; Group 2 hospital control
group; minor stenosis in all major vessels n = 49; group
3 healthy controls, no history CHD n = 49

Sandwich ELISA (autoantibodies to MDA-modified LDL)

Suzuki et al. [12]
Brizzi et al. [13]

Group 1: 40 pregnant women (weeks 9–13 or 16–18);
Group 2: 26 women in 2nd or 3rd trimester with PIH;
Group 3: 49 pregnant NT women in 2nd or 3rd trimester

79 males (age 62.1 ± 10) and 79 females (age
60.3 ± 10.3)
54 TM patients (low LDL & high oxidation); 44 patients
with primary hypercholesterolemia (high LDL) 24
T2DM before and after 3 months atorvastatin (changing
LDL); 41 control normolipidemic subjects

oLAB ELISA (biomedica)

oLAB ELISA
oLAB ELISA

No association with presence or absence of CAD
No association with age
No association with carotid media thickness
No association with smoking
Ox-LDL Ab cannot be used as a predictive marker of the
presence or severity of atherosclerosis in FH patients
BHT men has significantly lower Ox-LDL Ab of IgG class
(p = 0.001) and IgM class (p = 0.001) (chemiluminescence
ELISA). Similar results observed for conventional ELISA
No difference in Ab levels in individuals with and without
carotid atherosclerosis
Not clear whether the decreased Ox-LDL Ab in BHT is due
to a decreased immune reaction to ox-LDL or to an
increased consumption of these antibodies due to binding to
atherosclerotic lesions
No correlation between autoantibody titre, age number of
cigarettes smokes, LDL or total cholesterol

Autoantibodies correlated to BMI and negatively correlated
with HDL
Age adjusted odds ratio for antibody titres for medium and
high v low autoantibodies were 0.76 and 1.09 cases vs.
hospital controls and 1.09 vs. 0.9 for cases and population
controls
The study does not support an association between
autoantibody titres to Ox-LDL and the extent of coronary
stenosis
No difference in the levels of Ab Ox-LDL in 1st and 2nd
trimester of women in Group 1
Levels of Ab Ox-LDL of women in Group 2 were
significantly lower than the levels for the NT women
(p < 0.01)
In males Ox-LDL Ab were negatively correlated with the
number of cigarettes smoked per day
Significant inverse correlation between Ox-LDL Ab and
LDL and baseline diene concentration (BDC/I)

Conclude that increase in ox-LDL Ab to BDC-I ratio might
be protective against the risk of atherosclerosis
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Wu et al. [9]

Fialova et al. [37]

Key outcomes
No association between ox-LDL titres and LDL-cholesterol

273 individuals: 41 UAP, 62 SAP, 170 healthy controls

oLAB ELISA

Bilgen et al. [14]

136 CAD patients 31 controls

oLAB ELISA (Biomedica)

Karolkiewicz et al. [15]

Group one men aged 62–74; group two men aged 75–83

oLAB ELISA

Doo et al. [16]

35 men and 25 women with unstable angina

oLAB ELISA

Su et al. [38]

226 EH individuals

ELISA as for Wu et al. (see above)

Karvonen et al. [39]

1022 middle aged men and women

Chemiluminescence ELISA

George et al. [40]

102 HF clinic patients

‘In house’

Fagerberg et al. [41]

391 clinically health 58-year old men

Wilson et al. [42]

1192 men & 1427 women followed for 8 years for CHD
and CVD events

Autoantibodies to MDA-LDL in sera by chemiluminescence

Patients with UAP had higher levels of Ox-LDL compared
to SAP (p < 0.001) or controls (p < 0.001)
No association between Ox-LDL levels and age
Patients with UAP had higher levels of anti-Ox-LDL Ab
compared to SAP (602.2 ± 62.2 vs. 510.8 ± 50.3; p < 0.001)
and control subjects (368 ± 79.6; p < 0.001)
Anti-Ox-LDL Ab levels in SAP were significantly higher
than controls
Anti-Ox-LDL Ab were higher in patients with coronary
artery disease v controls (p < 0.001)
There was no difference in Ab levels between patients with
and without vessel disease
Significantly higher antibodies against Ox-LDL were
observed in the men over 74 year vs. 62–74 year old men
Glucose levels were higher in Group 2 vs. Group 1
Increased insulin resistance and hyperglycemia in elderly
men are related to body mass and oxidative modifications of
LDL
Anti-Ox-LDL Ab were associated with CRP, sICAM-1
Elevated Ox-LDL levels were associated with a lower event
free survival rate
Multivariate analysis demonstrated that elevated ox-LDL
levels on admission were an independent risk factor for an
adverse cardiac event
IgM subclass of Ox-LDL Ab was significantly higher in
women than in men, but there were no sex differences in
IgG levels
Women had a significantly lower occurrence of plaque at
baseline and follow up (p < 0.005) as determined by carotid
IMT
Higher levels of IgM Ox-LDL Ab predict a favourable
outcome in the development of CA in HT subjects
IgM autoantibodies to MDA-LDL have an inverse
association with carotid atherosclerosis
Anti-Ox-LDL antibodies correlated with NYHA score
No association between anti-Ox-LDL antibodies and
pro-BNP
Significant association between anti-oxLDL antibodies and
chronic renal failure (p = 0.009)
IgG anti-Ox-LDL Ab levels correlate with severity of HF
High titres of IgG Ab to Ox-LDL and MDA-LDL were
associated with metabolic syndrome and smoking
Autoantibodies to Ox-LDL were strongly related to age

M.A. Miller et al. / Atherosclerosis 203 (2009) 126–136

Faviou et al. [5]

Autoantibodies to Ox-LDL were not related to incident
CHD or CVD over 8 years of follow up
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Table A1 (Continued )
Study (author & ref)

Subjects

Method details

Key outcomes

Frostegard et al. [43]

111 men with established hypertension and 75 NT
controls from Sweden

ELISA as for Wu et al. (see above)

No association between age and Ox-LD L Ab

Brizzi et al. [44]

75 beta-TM patients and controls

Essential hypertensive (EH), borderline hypertension (BHT), normotensive (NT), ELISA (enzyme-linked immunosorbent assay), malondialdehyde-derivatized LDL (MDA-LDL), percutaneous transluminal
coronary angioplasty (PTCA); familial hypercholesterolemia (FH), coronary artery disease (CAD), acute myocardial infarction (AMI), unstable angina pectoris (UAP),stable angina pectoris (SAP), heart
failure (HF), pregnancy-induced hypertension (PIH) New York Heart Association (NYHA), pro-brain naturetic peptide (pro-BNP), antibody (Ab), intima-media thickness (IMT), coronary heart disease (CHD),
cardiovascular disease (CVD), beta-thalassemia major (TM), type 2 diabetes mellitus (T2DM), carotid atherosclerosis (CA).

Table A2a
Multiple regression analysis of antibodies to oxidised LDL as a dependent variable
African origin (n = 169)

South Asian (n = 196)

Effect (%)

(95% CI)

p

Effect (%)

(95% CI)

p

39.2
30.7
33.2
22.0
21.8
25.2
28.7

(11.6–73.7)
(2.7–66.4)
(4.1–70.6)
(−6.8–59.7)
(−7.0–59.5)
(4.9–64.5)
(−3.0–70.7)

0.003
0.030
0.023
0.15
0.15
0.11
0.08†

51.4
33.9
40.8
48.4
47.8
43.3
51.9

(23.4–85.9)
(6.0–69.4)
(10.7–79.0)
(16.3–89.3)
(15.8–88.5)
(12.0–83.5)
(17.9–95.8)

0.001
0.015
0.005
0.002
0.002
0.004
0.001†

Model 7 (with BMI instead of WHR)
Model 7 (with HDL instead of Trigs)
Model 7 (with SBP instead of DBP)

30.3
43.8
25.6

(−1.9–73.2)
(10.5–87.0)
(−4.7–65.7)

0.07
0.007
0.11

52.2
34.3
51.3

(17.8–96.9)
(4.1–73.2)
(17.5–94.8)

0.001
0.023
0.001

Model 8 = (model 7 + sVCAM)

47.6

(11.3–95.6)

0.007

51.1

(18.1–93.7)

0.001

Ox-LDL
Model 1 = (age, sex)
Model 2 = (model 1 + smoking)
Model 3 = (model 2 + WHR + DBP)
Model 4 = (model 3 + Trigs)
Model 5 = (model 4 + glucose)
Model 6 = (model 5 + Hct)
Model 7 = (model 5 + social class)

Effect of levels of antibodies to oxidised LDL levels (%) for people of African origin compared to whites and for South Asians compared to whites (n = 250). Hct: homocysteine; WHR: waist:hip ratio; BMI:
body mass index; HDL: HDL-cholesterol; Trigs: triglycerides; DBP: diastolic blood pressure; SBP: systolic blood pressure.
† Interaction of sex by ethnicity: p = 0.33 for people of African origin; p = 0.088 for South Asian.
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Ox-LDL levels were higher in the hypertensives compared
to controls
Ox-LDL Ab were similar in the two groups
Conclude that the role of Ox-LDL Ab may depend on
disease stage or type
oLAB/mg chol-LDL is greater in TM patients than healthy
controls (p < 0.001)
No correlation oLAB and age, sex of patients, mean blood
consumption, mean serum ferritin, mean transaminases, PT,
PTT, and fibrinogen
A significant positive correlation was found between oLAB
and triglycerides in TM patients (p < 0.001) but not in
controls
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Table A2b
Multiple regression analysis of antibodies to oxidised LDL as a dependent variable in women
African origin (n = 91)

South Asian (n = 92)

Effect (%)

(95% CI)

p

Effect (%)

(95% CI)

p

48.1
38.2
39.8
35.2
37.9
50.4
52.2

(8.0–103)
(−3.3–97.6)
(−4.2–104)
(−10.4–104)
(−8.6–108)
(−1.5–129.6)
(−1.9–136)

0.015
0.076
0.082
0.15
0.13
0.058
0.061

76.3
53.6
66.5
69.4
69.3
57.8
82.4

(29.4–140.0)
(7.0–120.3)
(14.7–142.0)
(16.0–147.0)
(16.0–147.0)
(7.6–131.0)
(21.2–175.0)

0.001
0.020
0.008
0.007
0.007
0.020
0.004

Model 7 (with BMI instead of WHR)
Model 7 (with HDL instead of Trigs)
Model 7 (with SBP instead of DBP)

62.2
63.7
47.1

(4.2–153)
(8.9–146)
(−4.1–125)

0.032
0.018
0.076

75.4
68.5
80.2

(16.8–164.0)
(12.5–152.0)
(19.8–171.0)

0.007
0.012
0.005

Model 8 = (model 7 + sVCAM)

70.9

(9.4–167)

0.019

91.7

(28.7–186.1)

0.002

Ox-LDL
Model 1 = (age)
Model 2 = (model 1 + smoking)
Model 3 = (model 2 + WHR + DBP)
Model 4 = (model 3 + Trigs)
Model 5 = (model 4 + glucose)
Model 6 = (model 5 + Hct)
Model 7 = (model 5 + social class)

Effect of levels of antibodies to oxidised LDL levels (%) for people of African origin compared to whites and for South Asians compared to whites (n = 113).
Hct: homocysteine; WHR: waist:hip ratio; BMI: body mass index; HDL: HDL-cholesterol; Trigs: triglycerides; DBP: diastolic blood pressure; SBP: systolic
blood pressure.
Table A2c
Multiple regression analysis of antibodies to oxidised LDL as a dependent variable in men
African origin (n = 78)

South Asian (n = 104)

Effect (%)

(95% CI)

p

Effect (%)

(95% CI)

p

29.6
22.6
26.9
10.4
9.9
8.8
14.2

(−5.0–76.6)
(−11.8-70.7)
(−9.3–77.4)
(−23.1–58.4)
(−23.4–57.6)
(−24.3–56.4)
(−21.8–66.9)

0.101
0.224
0.163
0.591
0.606
0.648
0.490

30.5
19.0
23.2
35.5
33.4
33.1
34.0

(−0.97–71.8)
(−12.8–62.4)
(−1.0–69.0)
(1.6–86.4)
(−3.1–83.5)
(−3.8–84.4)
(−3.2–85.5)

0.059
0.272
0.196
0.062
0.077
0.084
0.077

Model 7 (with BMI instead of WHR)
Model 7 (with HDL instead of Trigs)
Model 7 (with SBP instead of DBP)

13.8
33.4
12.6

(−22.2–66.4)
(−6.7–90.6)
(−22.4–63.6)

0.504
0.114
0.530

40.4
14.4
33.8

(−0.3–97.9)
(−18.0–60.0)
(−3.3–85.0)

0.052
0.426
0.079

Model 8 = (model 7 + sVCAM)

33.4

(−8.1–93.5)

0.128

27.9

(−7.0–75.9)

0.130

Ox-LDL
Model 1 = (age)
Model 2 = (model 1 + smoking)
Model 3 = (model 2 + WHR + DBP)
Model 4 = (model 3 + Trigs)
Model 5 = (model 4 + glucose)
Model 6 = (model 5 + Hct)
Model 7 = (model 5 + Social class)

Effect of levels of antibodies to oxidised LDL levels (%) for people of African origin compared to whites and for South Asians compared to whites (n = 137).
Hct: homocysteine; WHR: waist:hip ratio; BMI: body mass index; HDL: HDL-cholesterol; Trigs: triglycerides; DBP: diastolic blood pressure; SBP: systolic
blood pressure.
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