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bstract

ackground: Circulating endotoxin levels are associated with atherosclerosis. Moreover, ethnic differences in pro-inflammatory markers may
e associated with ethnic differences in atherosclerotic and cardiovascular (CVD) and coronary heart disease (CHD) risk.
bjective and methods: To investigate ethnic differences in circulating plasma endotoxin levels, its soluble receptor (sCD14), and high-

ensitivity CRP (hs-CRP). 192 individuals, aged 40–59 years (61 white (30 women), 68 of African origin (33 women) and 63 South Asians
33 women)), free from coronary heart disease (CHD), stroke, CVD and diabetes were randomly selected from the UK ‘Wandsworth Heart
nd Stroke Study’.
esults: Age-adjusted endotoxin levels were lower in women than in men (p = 0.002) and were highest in South Asians (13.3 EU/mL [95%
I 12.0–14.7]) and lowest in individuals of African origin (10.1 EU/mL [9.1–11.1]) than in whites (p for linear trend <0.001). Endotoxin

evels were positively associated with waist, waist–hip ratio, total cholesterol, serum triglycerides and serum insulin levels and negatively
ssociated with serum HDL-cholesterol. Serum hs-CRP and plasma sCD14 varied by ethnic group (p < 0.001) but was not associated with
ndotoxin.
onclusions: This study is the first to indicate a graded increase in endotoxin levels from black Africans to whites to South Asians, which
s consistent with the ethnic difference in CHD risk. Whilst these findings support the concept that the innate immune system (IIS) may
ontribute significantly to the metabolic component underlying the development of CVD and CHD risk, further studies are required to see
hether endotoxin levels are causally related to the development of CHD.
2008 Elsevier Ireland Ltd. All rights reserved.
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. Introduction
Please cite this article in press as: Miller MA, et al. Ethnic and sex differen
rotic and cardiovascular risk in a British multi-ethnic population. Athero

Atherosclerotic cardiovascular disease (CVD), including
oronary heart disease (CHD), varies between different eth-
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ic groups [1]. Unlike African Americans [2], individuals
f African origin both in Africa and those who migrated to
he Caribbean or to Europe have a much lower incidence of
HD [3]. By comparison the mortality from CHD in British

ndian Asians is at least 40% higher than in European whites
1]. The difference in risk across British ethnic groups can-
ces in circulating endotoxin levels: A novel marker of atheroscle-
sclerosis (2008), doi:10.1016/j.atherosclerosis.2008.06.018

ot be solely attributed to ethnic differences in traditional risk
actors [4,5].

Inflammation has an important role in the pathogenesis of
therosclerosis [6]. Levels of inflammatory markers, includ-

dx.doi.org/10.1016/j.atherosclerosis.2008.06.018
mailto:Michelle.Miller@warwick.ac.uk
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ng hs-CRP, are increased in atherosclerotic vascular disease
n whites [7–9] and are high in South Asian individuals [6];
hereas certain cellular adhesion molecules are lower in indi-
iduals of African origin [6,10]. Whilst adhesion molecules
evels are related to serum lipid levels [10], blood pressure
6] and measures of the metabolic syndrome [11], which vary
y ethnic group, none of the inflammatory markers studied
o far have shown any graded relationship by ethnic group
hich would be consistent with their CHD risk.
Sub-clinical inflammation mediated through increased

ytokine levels in obesity and CVD may occur through acti-
ation of both the acquired immune system (AIS) and the
nnate immune system (IIS) [12], which represents the first
ite of defence against infection.

In vitro work has examined the effect of the IIS with the use
f the antigen lipopolysaccharide (LPS), which represents
he outer cell wall membrane of gram-negative bacteria, also
eferred to as endotoxin. LPS activates the IIS via toll-like
eceptors (TLRs), which allows a rapid reaction to infection
13]. TLRs combine with the pattern recognition molecule
D14 to form a complex (TLR4-CD14), which activates

he NF-�B pathway, induces the expression of inflamma-
ory mediators and initiates an acute phase response [14].
reatment of human subcutaneous adipocytes with LPS leads

o a significant increase in TNF-� and IL-6 secretion [15].
n acute LPS stimulus elicits a response in the host by

ncreasing triglyceride-rich lipoproteins in the liver and by
nhibiting lipoprotein lipase leading to lipeamia [16]. How-
ver, plasma lipoproteins are capable of LPS sequestration
nd triglyceride-rich lipoproteins may be part of [17] and
ttenuate the host’s response to infection [16]. Interestingly,
high-fat meal induces low-grade endotoxemia [18] and lev-
ls of endotoxin have been associated with a threefold risk of
therosclerosis [19].

The objective of the present paper was to establish whether
thnic differences in endotoxin exist and whether these are
onsistent with known ethnic differences in atherosclerotic
nd cardiovascular risk.

. Methods

.1. Subjects

We performed a nested study of randomly selected age-
nd sex-matched individuals from the Wandsworth Heart &
troke Study (WHSS), a population-based cross-sectional
tudy of men and women, aged 40–59 years, from three differ-
nt ethnic groups [4,5]. We excluded subjects on hypertension
r lipid lowering medications or taking the oral contraceptive
ill or hormone replacement therapy and those with dia-
etes, previous medical history of ischemic heart disease or
Please cite this article in press as: Miller MA, et al. Ethnic and sex differen
rotic and cardiovascular risk in a British multi-ethnic population. Athero

troke. The sample size was calculated to have a power of
90% to detect a significant difference (p < 0.05) in circulat-

ng levels of endotoxin between groups (n = 30) of 3.6 EU/mL
S.D. 1.9]. Of the 193 individuals studied, 62 were white (30
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omen), 68 of black African origin (33 women) and 63 of
outh Asian origin (33 women).

The investigation conforms to the principles outlined in
he “Declaration of Helsinki.” The Local Ethics Commit-
ee approved the study. All participants gave their informed
onsent to participate.

.2. Procedures

Blood was taken between 0800 and 1200 h from seated
ubjects who had fasted overnight and had refrained from
moking or taking vigorous exercise. A detailed question-
aire was completed, height and weight were measured and
MI calculated (kg/m2). Waist and hip circumference (in cm)
ere taken by standardised methods and WHR calculated.
lood pressure (BP) was taken with standard methods and
n automated recorder. Blood was taken from seated subjects
ithout stasis. Biochemical measurements were performed

s described previously [4,5].
This study utilises data from this previously well-

haracterised population as described above and has
easured new variables as described in detail below.

.3. Endotoxin assay

Endotoxin measurements were performed, using the
CL-1000 Chromogenic Limulus Amebocyte Lysate (LAL)
ndpoint Assay (Cambrex, NJ, USA), on heparinised plasma,
hich had been stored at −40 ◦C and thawed at room tem-
erature prior to analysis. Samples (in duplicate) mixed with
AL were incubated at 37 ◦C (±1 ◦C) for 10 min, substrate
as added and the reaction stopped after another minute. In
rief, the LAL contains and enzyme system that is activated
y endotoxin. The activated enzymes split off para-nitro ani-
ine from the chromogenic substrate. Endotoxin levels are
etermined spectrophotometrically at 405–410 nm by com-
arison with a standard curve. Samples were diluted 1 in
with LAL water using a standard curve in the range of

–5 EU/mL. All the items used in the assay were sterilised
by autoclave or treatment with microsol). Plasma recovery
f spiked endotoxin was 82.0 ± 3.3% efficient [15]. Plate-to-
late variability within the same experiment was 7.4 ± 0.9%.
ntra-assay coefficient of variation (CV) was 3.9 ± 0.46% and
nter-assay CV 9.6% ± 0.75%.

.4. Soluble CD14 (sCD14)

sCD14, levels in heparinised plasma were analyzed by
solid phase enzyme amplified sensitivity immunoassay

R&D Systems; Minneapolis, USA). Intra-assay CV was
.4% and inter-assay CV 6.3%.
ces in circulating endotoxin levels: A novel marker of atheroscle-
sclerosis (2008), doi:10.1016/j.atherosclerosis.2008.06.018

.5. hs-CRP assay

hs-CRP was measured in thawed plasma K-EDTA (IL
oagulation Systems on ACL9000, IL, Milan, Italy): a latex

dx.doi.org/10.1016/j.atherosclerosis.2008.06.018
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article enhanced immunoturbidimetric assay to quantify hs-
RP blood levels. Two quality controls were used in each
ssay (2.59 and 6.19 mg/L).

.6. Statistical analysis

Endotoxin levels were not normally distributed, as eval-
ated using the Kolmogorov–Smirnov (K–S) test, which
ests the hypotheses of a normal distribution (Z = 1.81,
= 0.003). Therefore analyses were performed on natu-

al log-transformed data, which normalised the data (K–S
est: Z = 0.91, p = 0.380). Differences between groups (with
escribed adjustments) were tested using analysis of co-
ariance. For hs-CRP, the analyses were also performed on
og transformed data as the K–S test demonstrated that the
evels were not normally distributed (Z = 3.87; p < 0.001)
ut were normalised following log-transformation (Z = 0.66;
= 0.774). To facilitate biological interpretation, results are
resented as geometric means and 95% confidence intervals
CI) for the log-transformed data. To test the hypothesis of a
raded relationship between inflammatory markers and eth-
icity from blacks to whites to South Asians, linear trend
nalysis was performed using ethnicity as a polynomial term.
Please cite this article in press as: Miller MA, et al. Ethnic and sex differen
rotic and cardiovascular risk in a British multi-ethnic population. Athero

eneral linear models were used to estimate the relation-
hip between endotoxin levels and cardiovascular risk factors
djusting for confounders. Interaction test was used to com-
are slopes between groups.

v
S

T

able 1
ge-adjusted characteristics of 193 men and women, aged 40–59 years, of differen

African origin (n = 68:
men = 35;
women = 33)

White (n =
men = 32;
women = 3

ody mass index (kg/m2) Men 25.8 (24.7–27.0) 25.5 (24.
Women 29.7 (27.9–31.5)† 26.4 (24.

aist (cm) Men 90.0 (87.0–93.0) 91.2 (88.
Women 88.1 (84.2–92.0)† 81.8 (77.

HR Men 0.91 (0.89–0.93) 0.91 (0.
Women 0.82 (0.79–0.85) 0.79 (0.

ystolic blood pressure
(mmHg)

Men 130.4 (124.5–136.2) 128.6 (122

Women 132.6 (125.6–139.7)† 121.3 (113
iastolic blood pressure
(mmHg)

Men 84.2 (80.9–87.6) 84.5 (80.

Women 86.0 (82.4–89.5)† 77.7 (73.
otal cholesterol (mmol/L) Men 5.5 (5.2–5.9) 6.0 (5.6

Women 5.5 (5.2–5.8)† 6.0 (5.7
erum triglycerides
(mmol/L)a

Men 0.84 (0.73–0.97)† 1.14 (0.

Women 0.68 (0.60–0.78)† 0.93 (0.
DL cholesterol (mmol/L) Men 1.3 (1.2–1.4) 1.3 (1.2

Women 1.6 (1.5–1.8) 1.7 (1.6
erum glucose (mmol/L) Men 5.0 (4.8–5.2) 4.9 (4.8

Women 4.8 (4.6–5.0) 5.0 (4.8
erum insulin (mU/L)a Men 7.1 (6.0–8.5) 6.6 (5.6

Women 8.6 (7.2–10.3) 6.7 (5.6

esults are means or percentages (95% CI). No more than two values missing
omparison South Asians vs whites #p < 0.05, ##p < 0.001.
a Geometric means.
 PRESS
sis xxx (2008) xxx–xxx 3

. Results

.1. Population characteristics and ethnic difference in
ndotoxin, hs-CRP and sCD14 levels

Group characteristics are shown in Table 1. Serum triglyc-
rides were highest in South Asians and lowest in people
f African origin (p < 0.001) and, as observed in the entire
HSS cohort [4,5], there were significant ethnic differences

n HDL-cholesterol (p < 0.001) and serum insulin (p < 0.001).
Endotoxin levels varied by ethnic groups and by sex

Table 2). In the total group, age-adjusted endotoxin levels
ere higher in men than in women (p = 0.001). Further-
ore, there was a significant linear trend indicating a graded

ncrease in endotoxin levels from individuals of African
rigin to whites and South Asians, respectively, both in
en (p = 0.021) and women (p = 0.003) (Fig. 1a). Fol-

owing adjustment for age and sex, endotoxin levels still
aried according to ethnicity: African origin 10.1 EU/mL
9.1–11.1), whites 10.9 EU/mL (9.8–12.1) and South Asians
3.3 EU/mL (12.0–14.7) (p for linear trend: <0.001). Endo-
oxin levels adjusted for ethnicity age and sex or age and
ex alone did not vary between vegetarian (n = 25) and non-
ces in circulating endotoxin levels: A novel marker of atheroscle-
sclerosis (2008), doi:10.1016/j.atherosclerosis.2008.06.018

egetarians (n = 145) in the total group (p = 0.24) or in the
outh Asian group (n = 18 vs n = 45, respectively; p = 0.37).

hs-CRP levels varied by ethnicity but not sex (p = 0.097;
able 2, total group). There was a significant linear trend

t ethnic groups living in Wandsworth, South London, 1994–1996

62:

0)

South Asian (n = 63:
men = 30;
women = 33)

p value for heterogeneity

Men and
Women

4–26.7) 24.7 (23.5–26.0) 0.397 0.039
4–28.3) 27.5 (25.7–29.4) 0.043
0–94.2) 90.6 (87.4–93.8) 0.873 0.356
6–85.9) 85.1 (81.1–89.0) 0.092
89–0.93) 0.94 (0.92–0.96) 0.139 0.049
76–0.82) 0.82 (0.79–0.85) 0.159
.5–134.7) 131.7 (125.5–138.0) 0.779 0.114

.8–128.7) 129.5 (122.4–136.7) 0.082
9–88.0) 86.7 (83.1–90.3) 0.565 0.083

9–81.4) 80.4 (76.8–84.0) 0.006
–6.4) 5.7 (5.4–6.1) 0.258 0.041
–6.4) 5.6 (5.3–5.9) 0.046
98–1.33) 1.30 (1.11–1.53) <0.001 <0.001

81–1.07) 1.19 (1.04–1.36)# <0.001
–1.4) 1.2 (1.1–1.3) 0.192 <0.001
–1.9) 1.3 (1.2–1.5)## 0.001
–5.1) 5.0 (4.8–5.2) 0.879 0.085
–5.2) 5.2 (5.0–5.4) 0.008
–7.9) 10.4 (8.6–12.5)# 0.002 <0.001
–8.2) 11.2 (9.3–13.4)## 0.001

from any cell. Comparison African vs whites †p < 0.05, ††p < 0.001; and

dx.doi.org/10.1016/j.atherosclerosis.2008.06.018
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Table 2
Circulating inflammatory marker levels (age-adjusted) in the 192 men and women from the Wandsworth Heart and Stroke Study (WHSS)

African origin (n = 68:
men = 35;
women = 33)

White (n = 61:
men = 31;
women = 30)

South Asian (n = 63:
men = 30;
women = 33)

p value for linear trend

Men and women

Endotoxin (Eu/mL)a Men 11.1 (9.6–12.8) 12.5 (10.8–14.6) 14.2 (12.2–16.6) 0.021 <0.001†
Women 9.1 (7.9–0.4) 9.6 (8.3–11.1) 12.3 (10.7–14.1) 0.003

hs-CRP (mg/mL)a Men 1.05 (0.80–1.37) 1.1 (0.82–1.46) 1.65 (1.22–2.21) 0.027 <0.001††
Women 1.15 (0.82–1.62) 1.29 (0.91–1.85) 2.43 (1.72–3.42) 0.003

African origin (n = 52:
men = 30;
women = 22)

White (n = 49:
men = 26;
women = 23)

South Asian (n = 45:
men = 20;
women = 25)

p value for linear trend

Men and women

sCD14 (ng/mL) Men 1557 (1424–1690) 1698 (1555–1842) 1642 (1479–1805) 0.423 †††
Women 1515 (1384–1645) 1977 (1851–2103) 1871 (1749–1994) <0.001

R neity b
m F = 0.5
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b
i

esults are means or percentages (95% CI). p values are for test of heteroge
issing from any cell. Ethnicity by sex interaction: † F = 0.57, p = 0.567; ††
a Geometric means.

or increasing hs-CRP from individuals of African ori-
in to whites and South Asians in both men (p = 0.027)
nd women (p = 0.003), Following adjustment for age and
ex, hs-CRP levels varied by ethnicity (African origin
.10 ng/mL (0.88–1.36), whites 1.19 ng/mL (0.95–1.49) and
outh Asians 2.02 ng/mL (1.61–2.52); p for linear trend:
0.001; Fig. 1b).

sCD14 levels varied by ethnic groups and by sex (Table 2).
ge-adjusted sCD14 levels were higher in women than in
en (p = 0.008; total group). Women had higher levels of

CD14 than men in the white (p = 0.012) and South Asian
roups (p = 0.010) whereas they did not differ in the African
roup. Following adjustment for age and sex, sCD14 levels
till varied according to ethnicity: African origin 1547 ng/mL
1451–1643), whites 1832 ng/mL (1734–1930) and South
sians 1768 ng/mL (1665–1871), p < 0.001, with a signif-
Please cite this article in press as: Miller MA, et al. Ethnic and sex differen
rotic and cardiovascular risk in a British multi-ethnic population. Athero

cant sex–ethnicity interaction (F = 3.72; p = 0.027). The
inear trend for increasing sCD14 from Africans to whites
nd South Asians was significant in women (p < 0.001) but
ot men (p = 0.423) (Table 2).

c
(
a

ig. 1. (a) Age-adjusted circulating levels of endotoxin (and 95% CI) by ethnic group
y sex (p = 0.65). p is for linear trends for men and women and combined groups. (b
n men (square) and women (triangle). No interaction by sex (p = 0.60). p is for line
etween ethnic groups by analysis of co-variance. No more than two values
2, p = 0.597; ††† F = 3.72, p = 0.027.

.2. Smoking

The prevalence of current smoking was 29% in whites,
2% in people of African origin and 14% in South Asians.
ndotoxin (p = 0.157), hs-CRP (p = 0.648) and sCD14

p = 0.277) levels were not associated with smoking.

.3. Correlation analyses

.3.1. Endotoxin
There was a significant association with WHR (r = 0.26;

< 0.001). There was a sex interaction in the association
ith BMI (men: r = 0.35; p = 0.001 vs women: r = −0.11;
= 0.290; interaction p < 0.001). For waist, the association
as significant in men (r = 0.371; p < 0.001) but not in women

r = 0.22; p = 0.836).
ces in circulating endotoxin levels: A novel marker of atheroscle-
sclerosis (2008), doi:10.1016/j.atherosclerosis.2008.06.018

Endotoxin levels showed direct relationships with total
holesterol (r = 0.50; p < 0.01) and serum triglycerides
r = 0.78, p < 0.001; interaction with ethnicity p = 0.024). The
ssociation in each of the groups were as follows: total

in men (square) and women (triangle) in three ethnic groups. No interaction
) Age-adjusted circulating levels of hs-CRP (and 95% CI) by ethnic group
ar trends for men and women combined groups.

dx.doi.org/10.1016/j.atherosclerosis.2008.06.018
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Table 3
General linear model analysis: endotoxin as a dependent variable

African origin (n = 68) vs whites (n = 61) South Asian (n = 63) vs whites (n = 61)

Difference (%) (95% CI) p Difference (%) (95% CI) p

Model 1 = (Age, sex) −7.4 (−19.1 to 6.0) 0.260 22.8 (4.6 to 44.2) 0.013
Model 2 = (Model 1 + waist) −9.5 (−20.1 to 3.4) 0.140 21.0 (3.3 to 41.9) 0.019
Model 3 = (Model 2 + sCD14) −7.7 (−21.7 to 8.7) 0.333 20.8 (−0.4 to 46.5) 0.055
Model 3a = (Model 2 + Chol) −1.6 (−12.9 to 11.2) 0.139 27.9 (10.6 to 48.0) 0.001
Model 3b = (Model 2 + insulin) −9.5 (−20.8 to 3.4) 0.139 8.2 (−9.2 to 29.0) 0.371
Model 3c = (Model 2 + HDL) −9.8 (−20.1 to 1.8) 0.095 8.0 (−7.3 to 25.9) 0.321
Model 3d = (Model 2 + Trigs) 14.7 (3.5 to 27.3) 0.010 3.9 (−5.2 to 13.7) 0.411
Model 4 = (Model 1 + WHR + Trigs) 15.7 (4.3 to 28.4) 0.006 3.6 (−5.4 to 13.7) 0.435
Model 5 = (Model 1 + BMI + Trigs) 14.6 (3.3 to 27.3) 0.011 3.9 (−5.2 to 13.7) 0.415
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ifference in the levels of endotoxin (%) for people of African origin compa
holesterol; HDL, HDL-cholesterol; Trigs, triglycerides; WHR, waist–hip r

roup r = 0.78: p < 0.001; whites; r = 0.80: p < 0.001; Africans
= 0.59: p < 0.001; South Asians r = 0.87: p < 0.001. There
as an inverse relationship with HDL-cholesterol (r = −0.44;
< 0.001).

There was an association with fasting serum insulin
r = 0.32, p < 0.001) and hs-CRP (r = 0.22, p = 0.002).
elected individual relationships are shown in Appendix
ig. A.1a for men and in Fig. A.1b for women,
eparately.

.3.2. hs-CRP
There were associations between hs-CRP and all the vari-

bles of interest except total cholesterol. Except for serum
lucose (p = 0.04) there were no interactions with sex and
xcept for BMI (p = 0.03) there were no interactions with
thnicity.
Please cite this article in press as: Miller MA, et al. Ethnic and sex differen
rotic and cardiovascular risk in a British multi-ethnic population. Athero

.3.3. sCD14
There were no associations between sCD14 and endotoxin

r with hs-CRP and no association with the cardiovascular
isk factors except with WHR (r = −0.18, p = 0.030).

a
c
c
s

able 4
eneral linear regression analysis: hs-CRP as a dependent variable

African origin (n = 68) vs whites (

Difference (%) (95% CI)

s-CRP
odel 1 = (Age, sex) −7.1 (−31.8 to 26
odel 2 = (Model 1 + Waist) −15.2 (−36.5 to 13
odel 3a = (Model 2 + Chol) −15.2 (−37.1 to 14
odel 3b = (Model 2 + insulin) −15.8 (−37.4 to 13
odel 3c = (Model 2 + HDL) −15.6 (−30.4 to 11
odel 3d = (Model 2 + Trigs) 2.63 (−24.9 to 40
odel 3e = (Model 2 + sCD14) −16.3 (−39.5 to 15
odel 3f = (Model 2 + endotoxin) −12.5 (−34.7 to 17
odel 3g = (Model 2 + sCD14 + endotoxin) −13.2 (−37.1 to 19
odel 4 = (Model 3g (WHR not waist)) −11.9 (−36.6 to 22
odel 5 = (Model 3g (BMI not waist)) −15.7 (−39.0 to 16

ifference in the levels of hs-CRP (%) for people of African origin compared to w
holesterol; HDL, HDL-cholesterol; Trigs, triglycerides; WHR, waist–hip ratio; BM
hites and for South Asians compared to whites. Abbreviations: Chol, total
I, body mass index.

.4. General linear models

Given the observed associations between endotoxin, hs-
RP levels and other cardiovascular risk factors, we tested
hether the observed ethnic differences in endotoxin and
s-CRP levels persisted after adjustment for these factors
Appendix Fig. A.2a and b and Tables 3 and 4).

When adjusted for multiple confounders there was no dif-
erence in endotoxin levels between whites and individuals of
frican origin except when adjustment was made for serum

riglycerides. This adjustment led to a dramatic increase in
lasma endotoxin in participants of African descent (Table 2:
ppendix Fig. A.2a; p = 0.010). By contrast the levels of

ndotoxin were higher in South Asians compared to whites
Table 3: Appendix Fig. A.2a). However, this difference dis-
ppeared after adjustment for metabolic risk factors.

When adjusted for multiple confounders there was no
ifference in hs-CRP levels between whites and individu-
ces in circulating endotoxin levels: A novel marker of atheroscle-
sclerosis (2008), doi:10.1016/j.atherosclerosis.2008.06.018

ls of African origin (Table 4: Appendix Fig. A.2b). By
ontrast hs-CRP was significantly higher in South Asians
ompared to whites (71%, p < 0.001 adjusted for age and
ex) and remained so even after adjustment for anthropomet-

n = 61) South Asian (n = 63) vs whites (n = 61)

p Difference (%) (95% CI) p

.3) 0.634 71.4 (23.9 to 137.0) 0.001

.2) 0.262 57.0 (20.2 to 104.8) 0.001

.4) 0.278 61.1 (23.1 to 110.9) 0.001

.2) 0.253 51.6 (11.9 to 105.4) 0.008

.9) 0.236 49.0 (12.6 to 97.0) 0.006

.2) 0.870 48.7 (13.7 to 94.4) 0.004

.7) 0.279 71.1 (26.4 to 131.6) 0.001

.0) 0.363 49.9 (14.4 to 86.4) 0.004

.7) 0.384 58.7 (17.8 to 114.0) 0.003

.3) 0.444 50.7 (9 to 108.5) 0.014

.4) 0.295 68.0 (25.9 to 124.3) 0.001

hites and for South Asians compared to whites. Abbreviations: Chol, total
I, body mass index.

dx.doi.org/10.1016/j.atherosclerosis.2008.06.018


 INATH-10473; No. of Pages 9

6 rosclero

r
(

4

a
v
m
p
e
p
S
e
l
a
l
a
l
(

d
t
a

A
n
i
m
i

a
s
w
m
a

a
d
a
i
s
t
i
a
s
c
A
a
g
i

t
b
i

t
L
c
n
s
s
o
a
i
g
e
a
s
s
l
a
e
a
1
a
m
t

c
i
o

w
fi
a
m
r
s
w

5

o
h
w
p
u
s
p
e
t
q
g
p

ARTICLE
M.A. Miller et al. / Athe

ic measures, metabolic variables or for endotoxin and sCD14
Table 4: Appendix Fig. A.2b).

. Discussion

This study clearly shows that circulating endotoxin levels
re associated with expected differences in atherosclerotic
ascular disease risk; that is endotoxin levels are higher in
en than women and highest in South Asians and lowest in

eople of African origin. This is consistent with the graded
stimated 10-year CHD risk in this cohort (from 7.0 per 1000
er year in the African individuals to 8.8 in whites to 9.2 in
outh Asians) [20]. The greatest difference in endotoxin lev-
ls appeared to be between whites and South Asians but the
inear trends across all groups were significant in both men
nd women (Table 2) and whilst in South Asians the increased
evels are attenuated following adjustment for metabolic vari-
bles, in individuals of African origin an adjustment for the
ow level of triglyceride results in higher endotoxin levels
Table 3: Appendix Fig. A.2a).

The generation of an inflammatory response to LPS
epends upon the complex interaction between specific pro-
eins and receptors but circulating endotoxin levels were not
ssociated with sCD14.

hs-CRP levels also showed a graded increase from black
fricans to whites to South Asians as shown by a highly sig-
ificant linear trend. hs-CRP was associated with endotoxin
n men and women and in each ethnic group and adjust-

ent for endotoxin levels slightly attenuated the difference
n hs-CRP between whites and South Asians (Table 4).

In South Asians, the association between endotoxin levels
nd cardiovascular risk factors, including central adiposity,
erum lipids and insulin levels, suggests a consistent pattern
ith markers of the metabolic syndrome. However, the deter-
inants of endotoxin levels in individuals of African origin

re very different.
During hyperinsulinemia Kupffer cells in the liver show

decreased functionality [21]. This may contribute to a
ecreased clearance of LPS adsorbed from the GI tract and
n increase in circulating LPS and insulin levels [22]. In rats,
nhibition of the action of Kuppfer cells can lead to increased
ystemic insulin secretion in response to glucose stimula-
ion, which may lead to insulin resistance [23]. As such,
t would be expected that the ethnic difference in vascular
nd diabetic risk may differentially mediate the pathogene-
is related to endotoxin levels associated with inflammatory
ytokines. However, whilst LPS levels were highest in South
sian individuals who have the greatest insulin resistance

nd central adiposity; individuals of African origin who have
reater insulin levels than whites did not have a concomitant
ncrease in endotoxin levels.
Please cite this article in press as: Miller MA, et al. Ethnic and sex differen
rotic and cardiovascular risk in a British multi-ethnic population. Athero

LPS is associated with hs-CRP levels and the secretion of
his and other pro-inflammatory cytokines may be modulated
y serum lipid levels [24]. Hence, the adverse lipid profile
n South Asians may further exacerbate the effect of LPS in

6
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hese individuals. Studies have suggested that HDL may bind
PS in the presence of its receptor (sCD14) and lipopolysac-
haride binding protein (LBP) [25,26]. This would effectively
eutralise the potential harmful action of LPS and previous
tudies have shown that chylomicrons are correlated with
CD14 [27]. This may provide a mechanism for clearance
f bacterial antigens [28]. However, whilst in South Asians
djustment for low HDL-cholesterol attenuates the observed
ncrease in endotoxin levels, in individuals of African ori-
in adjustment for high HDL-cholesterol does not influence
ndotoxin levels. Furthermore, adjustment for sCD14 had no
ppreciable effect in people of African origin. In this study
CD14 levels were not related to endotoxin or hs-CRP. This
uggests that either the pathway is not dependent on the circu-
ating level of sCD14 or that signalling is occurring through

different receptor complex. Adjustment for low triglyc-
ride levels in individuals of African origin has a major effect
nd leads to a significant increase in levels from −9.5% to
4.7% compared to whites (Table 3). In South Asians, insulin
nd HDL-cholesterol appear to be equally important deter-
inants of endotoxin levels and triglycerides appear to have

he greatest effect.
In rats, neonatal endotoxin challenge contributes to glu-

ose homeostasis, insulin action and susceptibility to diabetes
n later life [29] therefore the study of early life course events
n subsequent endotoxin levels in man may be warranted.

Our findings highlight sex differences in endotoxin levels
hich are consistent with sex differences in vascular risk. Our
ndings are in part consistent with the recent comprehensive
nimal study which has shown that metabolic endotoxemia
ay initiate obesity and insulin resistance in rats [30] and the

esults from the prospective Bruneck Study, which used the
ame LAL assay, indicated that increased levels of endotoxin
ere associated with an increased atherosclerotic risk [19].

. Limitations of the study

The LAL assay was developed for in vitro diagnostic use
nly. It is not recommended as an aid for the diagnosis of
uman disease. Further studies are required to determine
hether endotoxin, determined by this method, is able to
redict the onset of CHD and whether this assay may be of
se for the diagnosis and prevention. This study was cross-
ectional and although we have studied different parts of the
roposed pathway it is still difficult to imply direct cause-
ffect relationships from the reported associations. Although
he number of subjects studied is relatively small it is ade-
uately powered for comparison of differences by ethnic
roup. More detailed sub-group analysis would need to be
erformed in a larger group.
ces in circulating endotoxin levels: A novel marker of atheroscle-
sclerosis (2008), doi:10.1016/j.atherosclerosis.2008.06.018

. Summary and implications from this study

This study contributes to the body of evidence supporting
he concept that innate immune pathways may be important in

dx.doi.org/10.1016/j.atherosclerosis.2008.06.018
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Fig. A.1. (a) Relationships between circulating plasma endotoxin, levels and metabolic variables in men (blue circles, whites; red circles, African origin; green
circles, South Asians). (b) Relationships between circulating plasma endotoxin levels and metabolic variables in women (blue circles, whites; red circles,
African origin; green circles, South Asians).

dx.doi.org/10.1016/j.atherosclerosis.2008.06.018


ARTICLE IN PRESSATH-10473; No. of Pages 9

8 M.A. Miller et al. / Atherosclerosis xxx (2008) xxx–xxx

Fig. A.2. (a) Multiple regression of endotoxin as dependent variables. Percentage difference in endotoxin in African origin and South Asian individuals
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ompared to whites. (b) Multiple regression of hs-CRP as dependent variabl
ompared to whites.

he development of atherosclerotic risk. Furthermore, ethnic
ifferences in these inflammatory processes appear in part to
e related to differences in endotoxin levels.

Further prospective studies in different ethnic groups are
equired to confirm whether changes in endotoxin levels
recede the development of atherosclerotic vascular dis-
ase. Activation of the IIS, as well as the AIS, may be
mportant in disease development and may provide new ther-
peutic targets for the prevention and treatment of these
iseases.
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ppendix A

Relationships between circulating plasma endotoxin lev-
ls and selected metabolic variables are shown in men and
omen (Figs. A.1a and b). Multiple regression of endotoxin

nd hs-CRP are shown (Figs A.2a and b).
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