Journal of Thrombosis and Haemostasis, 6: 436443

ORIGINAL ARTICLE

C reactive protein and its determinants in healthy men and
women from European regions at different risk of coronary
disease: the IMMIDIET Project

A. ARCARI,* F. ZITO,* A. DI CASTELNUOVO,* A. DE CURTIS,* C. DIRCKX,t J. ARNOUT,t

F. P. CAPPUCCIO,f M. C.J. M. VAN DONGEN,§ M. DE LORGERIL,q V. KROGH,** A. SIANI,{T

M. B. DONATI,* G. DE GAETANO* and L. IACOVIELLO*, ON BEHALF OF THE EUROPEAN
COLLABORATIVE GROUP OF THE IMMIDIET PROJECTI?

*Research Laboratories, ‘John Paul II' Centre for High Technology Research and Education in Biomedical Sciences, Catholic University,
Campobasso, Italy; tCentre for Molecular and Vascular Biology, Katholieke Universiteit Leuven, Leuven, Belgium; 1Clinical Sciences Research

DOI: 10.1111/j.1538-7836.2007.02851.x

Institute, Warwick Medical School, Coventry, UK; §Department of Epidemiology, Maastricht University, Maastricht, The Netherlands; {Nutrition,
Vieillissement et Maladies Cardiovasculaires (NVMCV), UFR de Médecine, Domaine de la Merci, La Tronche, France; **Nutritional Epidemiology
Unit, National Cancer Institute, Milan; and t1Unit of Epidemiology and Population Genetics, Institute of Food Sciences, CNR, Avellino, Italy

To cite this article: Arcari A, Zito F, Di Castelnuovo A, de Curtis A, Dirckx C, Arnout J, Cappuccio FP, van Dongen MCJM, de Lorgeril M, Krogh V,
Siani A, Donati MB, de Gaetano G, lacoviello L, on behalf of the European Collaborative Group of the IMMIDIET Project. C reactive protein and its
determinants in healthy men and women from European regions at different risk of coronary disease: the IMMIDIET Project. / Thromb Haemost

2008; 6: 436-43.

Summary. Aim: Differences in C-reactive protein (CRP) levels
and its determinants in three European populations at different
risk of coronary artery piSEASE (CAD) were studied. Methods:
Subjects were recruited randomly in Limburg (Belgium),
Abruzzo (Italy) and south-west (SW) London (Englan-
d). Results: Ten-year risk of fatal coronary events (estimated
using risk equations provided by the SCORE Project) was lower
both in men and women from Abruzzo, intermediate in people
from Limburg and higher in subjects from SW London. Within
each country, high sensitivity (hs)-CRP levels were higher in the
high-risk class in men but not in women. Men from Abruzzo
had higher hs-CRP levels than those from Limburg and SW
London. Women always had higher hs-CRP levels than
men. The strongest hs-CRP determinant was body mass index
(BMI, R* = 0.14) in women and waist circumference (WC,
R?> = 0.046) in men. The highest hs-CRP levels were observed
in subjects with both high BMI and high WC. Metabolic
syndrome was associated with high levels of CRP both
in men and women, even after adjustment for con-
founders. Discussion: Difference in CRP levels cannot explain
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the European gradient of CVD risk, although CRP levels are
associated with the calculated SCORE risk of fatal coronary
events within each country.

Keywords: C reactive protein, coronary heart disease, meta-
bolic syndrome, obesity, sex.

Introduction

C reactive protein (CRP) is an acute phase marker whose
blood levels depend on interleukin 6 and other inflammatory
proteins that stimulate its production in hepatocytes, lym-
phocytes, alveolar macrophages and monocyte-derived
macrophages in atherosclerotic plaques [1]. CRP, in turn,
can induce a number of activities at the level of tissues and
cells involved in the processes of atherosclerosis and throm-
bosis [2].

CRP has been considered an important cardiovascular risk
factor both in healthy subjects [3] and in patients with coronary
artery disease (CAD) [4]. However, the clinical predictive value
of this protein is not fully established [5,6]. In the Reykjavik
prospective study CRP is a relatively moderate predictor of
CAD [7], while Ridker and co-workers showed that CRP has a
strong predictive value and adds prognostic information to the
Framingham risk score [8].

CRP levels are strongly associated with several risk factors
for CAD [9,10]; therefore, it could be considered as a biological
link between such conditions and CAD development. In
particular, abdominal obesity has been reported repeatedly as a
strong correlate of CRP levels [11-15].

The risk of CAD is differently distributed across Europe as
age-standardized coronary event rates in both men and women
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are lower in Mediterranean than in northern European
countries. According to the MONICA data, such rates are
about three times higher in the UK and twice higher in Belgium
than in Italy [16]. Several factors may explain this gradient,
mainly related to dietary and life-style habits and lipid levels.
However, it is not known whether CRP levels and its
determinants are different across European populations at
different risk for CAD.

We set up a study to evaluate differences in the incidence of
CAD risk factors in subjects from three European regions:
Abruzzo (Italy), Limburg (Belgium) and SW London (Eng-
land), which were considered to be at different risk of CAD
(The IMMIDIET Project: Dietary Habit Profile in European
Communities with Different Risk of Myocardial Infarction:
the Impact of Migration as a Model of Gene-Environment
Interaction, http://www.moli-sani.org/progetti/immidiet_site/
welcome.html) [17].

In the framework of this study, the aim of the present
report was to evaluate CRP levels and their metabolic
determinants in men and women of three European regions
to test whether they followed a similar European gradient as
CAD risk profile.

Materials and methods

The IMMIDIET Project is a cross-sectional study of healthy
male-female couples living together, randomly recruited from
health assurance lists in the framework of three European
general medical practices [18,19]. Recruitment took place in
Limburg, a province in the Flemish part of Belgium, in
Abruzzo, a region of southern Italy and in the south-west (SW)
part of London, England. Abruzzo, Limburg and SW London
were chosen as areas at lower, medium and higher CAD risk,
according to MONICA data [16]. The recruitment strategies
were carefully defined and standardized across the three
recruiting centres. Subjects were examined in the framework
of the practices, by research personnel who were accurately
trained and followed well-standardized procedures.

Between October 2001 and October 2003, 1604 subjects (802
male-female couples), aged 25-74 years were enrolled in the
study. The participation rate ranged between 70-90% in the
different centres. Exclusion criteria for all groups were: history
of cardiovascular disease, diabetes mellitus, familial hypercho-
lesterolemia, malignancies, chronic diseases like heart, liver or
renal failure, hypo/hyperthyroidism and epilepsy.

CRP was finally measured in 1466 (446 Abruzzo, 508
Limburg, 512 SW London) men and women. Subjects with
hs-CRP >10 mg L' (5% Abruzzo, 6% Limburg, and 5%
SW London) were excluded from the analysis to avoid
introducing confounding due to acute or chronic inflammatory
disease.

The study was approved by the ethical committees of all the
participating institutions. All study participants agreed by
written informed consent. Interviews were taken using a well-
standardized questionnaire previously adopted in Italy [20] and
translated into Flemish and English.
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Blood pressure and anthropometric measurements

Blood pressure was measured with an automatic device
(OMRON-HEM-705CP) [21]. Blood pressure (BP) values
were recorded three times at the non-dominant arm and the last
two values were taken as the BP. Measurements were
performed in a quiet room with comfortable temperature, with
the participants resting in a seated position for at least 5 min.
Body weight and height were measured on a standard beam
balance scale with an attached ruler, with subjects wearing no
shoes and only light indoor clothing. Body mass index (BMI)
was calculated as weight in kilograms divided by the square of
the height in meters (kg m™>). Waist circumference (WC) was
measured according to the National Institutes of Health,
National Heart, Lung and Blood Institute guidelines [22].

Biochemical measurements

Blood samples were obtained between 07.00 and 10.00 from
patients who had been fasting overnight and had refrained
from smoking for at least 6 h, by using a standard protocol in
each study centre. Venous blood samples were obtained with
minimum stasis using 21 gauge butterfly needles in K2 EDTA
vacutainers. Blood was centrifuged within 3 h from the
collection, plasma or serum were separated in 500 pL aliquots
and immediately stored at —80 °C. Biochemical analyses were
performed in centralized laboratories after shipping of aliquots
in dry ice.

High sensitivity (hs)-CRP was measured in EDTA plasma
samples in the Research Laboratory, Catholic University,
Campobasso, Italy, within 12 months of collection. A latex
particle enhanced immunoturbidimetric assay (IL Coagulation
Systems on ACL9000, IL, Milan, Italy) was used. Quality
control was maintained using in-house plasma pool and
internal  laboratory standard at 2.59mgL™' and
6.19 mg L™'. Intra-day coefficient of variation (CV) was
3.3%, inter-day CV was 4.3%. The CVs for low and high
hs-CRP control were 3.6% and 4.0% respectively.

Factor (F) VII:c levels were determined in citrated plasma, in
the Centre for Molecular and Vascular Biology, Katholieke
Universiteit Leuven, Belgium, with a one-stage clotting assay
(FVII deficient plasma Hemoliance, Instrumentation Labora-
tory, Lexington MA, USA, and recombinant tissue factor
based thromboplastin Innovin®, DadeBehring, Marburg,
Germany).

Cholesterol, HDL-cholesterol, triglycerides and glucose were
assessed in serum in the Unit of Epidemiology and Population
Genetics, Institute of Food Sciences CNR, Avellino, Italy, by
an automated analyzer (Roche Cobas Mira Plus, Roche
Applied Science, Meylan, France). LDL-cholesterol was
calculated according to the Friedewald formula [23].

Risk factors definition (see Supplementary material)

Fatal cardiovascular risks for each IMMIDIET subject were
calculated applying the risk equations of the SCORE Project
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[24]. Metabolic syndrome (MS) was defined according to the
recent definition released by the IDF for Europid men and
women [25]. According to CRP levels, participants were
classified as being at low (CRP < 1.0 mg L"), medium (CRP
1.0 to 3.0 mg L™"), or high risk (CRP >3.0 mg L") [26].

Statistical analysis

CRP, triglyceride and glucose levels were log transformed to
normalize their positively skewed distribution. Multivariate
association of study variables with country and sex was
assessed modeling categorical data with procedure CATMOD
in SAS, and continuous data with procedure GLM. Major
determinants of CRP and interaction between major CRP
determinants and sex were assessed applying multivariable
linear regression analysis (Procedure REG in SAS), separately
in men and women. The analysis strategy was as follows: (a)
simple linear regression was used to identify variables associ-
ated with CRP levels at the level P < 0.1; (b) all the variables
identified in the univariate analysis were inserted in a full model
together with age and country; (c) because the inclusion of
strongly correlated variables in the same regression model
introduces collinearity problems, we checked for multicollin-
earity, measuring the variance inflation factor for each variable
and the condition number for the full model. A variable whose
variance inflation factor value is greater than 10 indicates the
presence of collinearity; also, a large condition number, 10 or
more, is an indication of the global instability of the regression
coefficients. In a multivariate linear regression analysis in which
all the aforementioned variables were included, no presence of
collinearity was observed. In fact, the condition number was
5.0 for women and 4.3 for men, far away from the limit of 10.
The variables with the largest values of variance inflation factor
were BMI and waist circumference, but the values of the
variance inflation factor were under the limit of 10 (variance
inflation factor levels were lower than 4.5 both for BMI and
waist, both in men and in women). We concluded that
multicollinearity was absent or negligible in our data, and we
constructed a multivariate model in which all the variables
associated with CRP in univariate analysis were included.

Multivariate differences in the distribution of CRP by gender
and countries were tested by analysis of the variance, together
with Tukey test for multiple comparisons (Procedure GLM in
SAS). All computations were carried out using the sAs
statistical package (Version 8.2 for Windows; SAS Institute
Inc., Cary, NC, USA; SAS Institute Inc., 1989).

Results

Men were older and more often smokers, and had higher
systolic BP, diastolic BP, BMI, WC and glucose than women.
Moreover, they showed higher values of plasma lipids, and
lower HDL cholesterol levels (Table S1, Supplementary
material).

The three populations differed for a number of variables, but
not for age, systolic BP and WC in men and BMI and WC in
women. In particular, subjects from Abruzzo were less active,
more often smokers and had a lower socio-economic status
than the other two populations (Table 1). In contrast, lipid
levels were higher in people from Limburg.

Risk of fatal coronary events estimation and CRP

SCORE values were higher in subjects from SW London,
medium in people from Limburg and lower in those from
Abruzzo. In each country women had lower SCORE values
than men (Table S2, Supplementary Material). CRP levels
were significantly higher in the higher risk SCORE class in
men, but not in women (Table 1). These associations were
rather consistent among countries.

CRP determinants

Age, low socio-economic status, cigarette smoking, low HDL,
high insulin level, and high BMI and WC in men and low socio-
economic status, low physical activity, hypertension, low HDL,
high triglycerides, insulin, FVII:c levels, and high BMI and WC
in women were strongly positively associated with CRP levels
in univariate analysis (Table 2). Menopausal status (incidence
equal to 31%), oral contraceptive (68%) and hormonal

Table 1 C-reactive protein levels (mg L") (zeometric means and 95% confidence interval) according to the 10-year global risk of fatal coronary events

(SCORE equations)

Score

Low

‘Women

Medium High p*

Abruzzo (206)
Limburg (237)
SW London (245)
Total
Men

Abruzzo (211)
Limburg (240)
SW London (241)
Total

1.27 (1.03-1.57)
1.11 (0.88-1.41)
1.10 (0.86-1.42)
1.17 (1.02-1.33)

1.11 (0.89-1.39)
0.61 (0.46-0.81)
0.99 (0.72-1.36)
0.84 (0.72-0.99)

1.58 (1.26-1.98) 1.91 (1.39-2.61) 0.094
1.22 (0.94-1.58) 1.21 (0.94-1.55) 0.85
1.01 (0.82-1.23) 1.34 (1.13-1.60) 0.094
1.23 (1.08-1.41) 1.37 (1.20-1.56) 0.24
1.18 (0.92-1.51) 1.95 (1.39-2.74) 0.020
0.90 (0.66-1.22) 1.14 (0.81-1.61) 0.020
0.79 (0.62-1.01) 1.14 (0.95-1.37) 0.062
0.94 (0.80-1.10) 1.24 (1.06-1.45) 0.0020

*Univariate analysis.

© 2007 International Society on Thrombosis and Haemostasis



C reactive proteins in the IMMIDIET Project 439

Table 2 Univariate and multivariate linear regression analysis of anthropometric, metabolic and coagulation correlates of C-reactive protein in men and

women

Women (n = 623)

Men (1 = 623)

Variables P* prx Partial R? (total = 0.233) P* P Partial R? (total = 0.084)
Age 0.25 - - 0.0054 - -
Socio-economic status 0.0001 0.094 - 0.0051 0.046 0.0061
Physical activity 0.0005 0.028 0.0070 0.098 0.41 -
Cigarettes 0.46 - - 0.0003 0.0004 0.019
Hypertensive <0.001 0.59 0.0004 0.46 - -
Cholesterol 0.86 - - 0.97 - -
LDL-cholesterol 0.63 - - 0.093 0.17 -
HDL-cholesterol 0.0071 0.46 - 0.011 0.30 -
Triglycerides <0.0001 0.011 0.010 0.21 - -
Glucose 0.63 - - 0.098 0.51 -
FVII ¢ <0.0001 <0.0001 0.053 0.67 - -
Insulin <0.0001 0.37 - 0.0068 0.62 -
BMI <0.0001 0.0040 0.14 <0.0001 0.94 -
Waist circumference <0.0001 0.19 - <0.0001 <0.0001 0.046

*Univariate analysis.

**Multivariate linear regression model adjusted for age, country and all non-redundant variables associated with CRP at univariate analysis with a

P < 0.1

replacement therapy (24%) were not associated with CRP
levels in women (P = 0.12, 0.4 and 0.2, respectively).

In multivariate analysis, the strongest determinant of CRP
levels was BMI (R? = 0.14) in women and WC (R* = 0.046)
in men. Overall, the model explained 23.3% of total CRP
variability in women and 8.4% in men. CRP levels were
associated with BMI, FVII:c, triglycerides and physical activity
in women and WC, cigarette smoking, socio-economic status
and age in men (Table 2). CRP levels were higher in older men
and smokers and subjects with low socio-economic status and
increased with triglycerides, FVII, BMI and WC.

There was a significant interaction between gender and age
(P < 0.04), cigarette smoking (P < 0.01), FVIl:c (P <
0.0001) and triglycerides (P < 0.0001) in determining the
levels of CRP.

Considering individual countries, CRP remained always
associated with FVII:c and BMI in women and with WC in
men (Table S3, Supplementary Material).

To better understand the relationship between obesity and
CRP we evaluated the interaction between BMI and WC in
determining CRP levels, by dividing these variables according
to the median value in men and women (Fig. 1). Tertile
subdivision was not possible due to the low numbers of
subjects in each group. Both in men and women there was
no interaction between BMI and WCs. In particular, in
women the presence of both high BMI and high waist
measurement significantly increased the levels of CRP as
compared with having only high BMI or only high waist
measurement.

CRP levels in countries

Using the AHA/CDC criteria, 23% of Abruzzo, 18% of
Limburg and 16% of SW London women were classified as
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* Adjusted for age. Tukey test for multiple comparisons.

Fig. 1. Effect of body mass index and waist circumference on C-reactive
protein levels.

being at high risk (CRP >3.0 mg L") and 18%, 17% and
12% of men, respectively.

CRP levels varied significantly between countries after
adjustment for age, in men and women. Subjects from Abruzzo
had higher CRP levels than those from Limburg (P = 0.0002
in men and P = 0.024 in women) and SW London
(P = 0.041 in men and P = 0.019 in women), while no
differences were found between the last two populations
(P = 0.22 in men and P = 0.99 in women). The observed
difference in CRP levels across countries disappeared after
further adjustment for covariates in women, but remained
statistically significant in men (Table 3).

In each country CRP levels were higher in women than in
men (Table 3), even after adjustment for confounders.



440 A. Arcari et al

Table 3 C-reactive protein (CRP) levels by sex and country

CRP levels (mg L™") Men (n = 692) Women (n = 688) P (for sexes)
Abruzzo (n = 417)

Median 1.48 1.59

Range 0.71-2.46 0.76-2.87

Geometric mean* (95% CI) 1.29 (1.08-1.53) 1.53 (1.32-1.78) 0.050%*

Geometric mean** (95% CI) 1.19 (0.92-1.54) 1.41 (1.23-1.62) 0.003**
Limburg (n = 477)

Median 0.87 1.39

Range 0.48-2.11 0.56-2.62

Geometric mean* (95% CI) 0.81 (0.69-0.94) 1.18 (1.04-1.34) 0.0017*

Geometric mean** (95% CI) 0.80 (0.61-1.03) 1.16 (1.04-1.31) 0.0007**
SW London (n = 486)

Median 1.08 1.22

Range 0.53-1.93 0.61-2.13

Geometric mean* (95% CI) 0.97 (0.83-1.13) 1.17 (1.03-1.33) 0.046*

Geometric mean**(95% CI) 0.97 (0.75-1.27) 1.27 (1.13-1.42) 0.0004**
Comparisons among countries

p* 0.0004 0.011 <0.0001*

P multivariate** 0.0028 0.13 <0.0001**

*Age adjusted.
**Adjusted for age, social status, cigarettes and waist in men and for

Metabolic syndrome and CRP

Overall, 19% (n = 118) of men and 13% (n = 73) of women
had MS according to the IDF definition for Europid popu-
lations. CRP levels were associated with the presence of MS,
both in women and men, in univariate analysis and after
adjustment for age and environmental risk factors (Table 4).
Analysis across countries was not allowed, due to the low
number of subjects with MS.

Discussion

As expected from the MONICA data on the rate of coronary
events in European countries [16], the predicted risk at 10 years

Table 4 C-reactive protein levels (mg L") (geometric means and 95%
confidence interval) in subjects with and without the metabolic syndrome
(MS)

MS

Yes No p* P

Women
Abruzzo (206) 1.90 (1.17-6.66) 1.41 (1.08-4.11) 0.11  0.46
Limburg (237) 1.75 (1.22-5.75) 1.10 (1.08-3.01) 0.03  0.04
SW London (245) 2.14 (1.18-8.46) 1.07 (1.06-2.92) 0.0001 0.0005
Total 1.95 (1.11-7.05) 1.16 (1.04-3.19) 0.0001 0.0001
Men
Abruzzo (211) 1.81 (1.38-2.37) 1.09 (0.92-1.30) 0.003 0.004
Limburg (240) 1.01 (1.24-2.74) 0.79 (1.11-2.19) 0.30  0.36
SW London (241) 1.02 (1.14-2.78) 0.99 (1.08-2.69) 0.82  0.90
Total 1.24 (1.03-1.49) 0.93 (0.84-1.03) 0.009 0.01

*P for metabolic syndrome in univariate analysis.

**P for metabolic syndrome adjusted for age, social status and ciga-
rettes in men and for age, physical activity and FVIL:c in women
(triglycerides and waist circumference were not considered because
included in the definition of MS).

age, physical activity, triglycerides, BMI and FVII:c in women.

of fatal coronary events followed a north—south gradient, being
lower in Italian subjects, intermediate in Belgians and higher in
subjects living in England. We used the SCORE equations [24],
a risk estimation system based on a large pool of representative
European data sets, because it would capture the regional
variation in risk, typical of the European population.

While average CRP levels too were different in the three
European populations, rather surprisingly such differences did
not follow the expected gradient of fatal coronary events: CRP
levels were indeed higher in Italian as compared with Belgian
and English subjects, the latter being comparable. CRP levels
were higher in women than in men, consistently in the three
populations studied. These findings are in apparent contrast to
the hypothesis that CRP levels are risk factors for CAD.
Yarnell et al. [27] found significant differences in the levels of
thrombotic and inflammatory markers, including hs-CRP,
across 11 European MONICA centres. Cross-sectional corre-
lations between populations showed that such factors and
contemporary incidence rates for coronary events were gener-
ally weak and even inverse, as for CRP in women. Only
fibrinogen, D-Dimer and von Willebrand factor showed
significant correlations. Probably the latter, together with
unmeasured environmental or genetic factors, could better
explain the difference in risk between populations.

After adjustment for metabolic and anthropometric corre-
lates, the difference in CRP levels among the three populations
disappeared in women but not in men, suggesting a sexual
dimorphism in the determinants of CRP. The difference in
CRP levels between men and women remained significant even
after adjustment for confounders, in agreement with other
publications [28-31].

Again the latter finding is in contrast to the notion that CAD
risk is lower in women and with our present data showing a risk
of future fatal coronary events lower in women than in men in
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all three countries studied. However, this difference was not
present in other studies [14,15] and in particular when men and
middle-aged women not taking hormone replacement therapy
were compared [32].

When we analyzed how levels of CRP varied according to
the predicted risk of future fatal coronary events, we found
that they increased with the SCORE value in men but not in
women in all populations studied. This suggests that CRP
levels are associated with risk factors clustering in the high
SCORE class.

Overall, a considerably higher percentage of CRP variability
was explained by our model in women as compared with men.
Moreover, interaction analysis showed that the associations
between CRP levels and age, smoking habits, FVII and
triglycerides were significantly different in men and women.

Significant age-sex interaction for CRP was also found in a
population from central Italy [33]. The relation between age
and CRP may have different causes in men and women,
probably related to the influence of sex hormones on inflam-
matory markers [15]. However, in our study no association was
found between CRP and either menopausal status, or use of
oral contraceptive or hormone replacement therapy, probably
due to lack of statistical power of subgroup analyses. Another
CRP determinant in women but not in men was FVII, as also
described by Woodward et al. [14].

The most important correlate of CRP was adiposity, a
concept strongly supported by a recent systematic review,
showing that weight loss was associated with an important
reduction in CRP values [34].

Stratifying by gender, in agreement with Thorand et al. [15]
we found that the strongest CRP determinant was BMI in
women and waist circumference in men. These results confirm
that the adiposity-mediated inflammatory response is different
according to gender: inflammation depends more on total fat
mass (of which BMI is an index) in women and more on
visceral adiposity (waist measure) in men [13]. Moreover, only
in premenopausal, but not in postmenopausal women or in
men, did we observe an additive effect of BMI and WC in
increasing CRP, further stressing the importance of sexual
hormones in the association between CRP levels and obesity.

Evidence that CRP levels are associated with metabolic
factors is also derived from our study on MS. MS [25] has
been previously associated with the risk of cardiovascular
disease and diabetes [35], as well as with high levels of CRP
[36,37]. Consistently in our study, CRP levels were associated
with MS in both sexes, both in univariate analysis and after
adjustment for age and potentially confounding environmen-
tal factors.

We could not evaluate, due to our cross-sectional design,
whether individuals with MS and increased CRP levels have an
increased risk of future cardiovascular events as compared with
patients with MS without increased CRP levels. However, in
this case too, CRP would appear to be a possible link between
metabolic conditions and coronary disease.

This study has several limitations. Its cross-sectional nature
confines our analysis to observational data; therefore, no
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conclusion can be drawn on a possible cause—effect relation-
ship. Additionally, the recruitment of the population,
although randomly based, was limited to selected regions
of Ttaly, Belgium and England. Caution should be used in
extending our results to the general populations of these
countries.

Because hard CAD endpoints were not measured in the
present study, we used a prediction model as an index of the
risk. We selected the SCORE model because it was the only
model presently available comparing global risk estimation in
different European countries, based on data originally derived
from different European populations. However, results from
the SCORE equation and their comparison among countries
should be interpreted with caution, because this equation does
not measure the risk of CAD but rather the risk of fatal CAD.
This implies that different countries may have the same
mortality rate but different incidences of disease, resulting in
different case-fatality rates.

In conclusion, although CRP levels were associated with
the calculated SCORE risk of fatal coronary events within
each country, they cannot explain the European gradient of
CVD risk. CRP levels were strongly dependent on metabolic
factors and increased in subjects with MS, suggesting that
CRP is an intermediate link between metabolic conditions
and CAD. Sex differences in CRP associated with the
SCORE risk and risk factor interactions require further study
in larger data sets.

Authors’ contributions

Individual contributions to the IMMIDIET Project and to the
article are as follows. A. Arcari: concept of the study, analysis
and interpretation of data, writing of the paper. F. Zito:
recruitment of Italian and mixed Italian-Belgian couples,
interpretation of the data. A. Di Castelnuovo: concept and
design, management and statistics; writing of the paper. A. De
Curtis: laboratory analysis, interpretation of the data. J.
Arnout: member of the scientific committee of the project;
concept and design, laboratory measurements. F. P. Cappuc-
cio: member of the scientific committee of the project; concept
and design, recruitment of English couples. M. de Lorgeril:
member of the scientific committee of the project; concept and
design, laboratory measurements. C. Dirckx: concept and
design, recruitment of Belgian couples. V. Krogh: member of
the scientific committee of the project; concept and design,
nutrition epidemiology. A. Siani: member of the scientific
committee of the project; concept and design, laboratory
measurements. M. C. J. M. van Dongen: concept and design
of the study, nutrition epidemiology. M. B. Donati: member of
the scientific committee of the project; recruitment of Italian
couples; interpretation of the data, writing of the paper. G. de
Gaetano: concept and design of the study, interpretation of the
data, writing of the paper. L. Iacoviello: project co-ordinator;
concept and design, recruitment of Italian couples; laboratory
measurements; interpretation of the data, data analysis; writing
of the paper.



442 A. Arcari et al

Acknowledgements

We are grateful to J. Vermylen, Catholic University, Leuven,
Belgium, for his critical review of the manuscript. The
IMMIDIET Project was originally supported by European
Union grant No. QLKI1-2000-00100. MIUR (Ministero
dell’'Universita e Ricerca, Italia) Programma Triennale di
Ricerca, grant D. 1588, is currently supporting L.I. and her
associates at the Catholic University in Campobasso, Italy.

Disclosure of Conflict of Interests

The authors state that they have no conflict of interests.

Appendix 1

European Collaborative Group of the IMMIDIET Project
Project Co-ordinator: Licia Tacoviello'.

Scientific Committee: Jef Arnout?, Frank Buntinx’, Francesco
P. Cappuccio®, Pieter C. Dagnelie’, Maria Benedetta Donati',
Michel de Lorgeril®, Vittorio Krogh’, Alfonso Siani®.
Co-ordinating secretariat: Carla Dirckx™”.

Data management and statistics: Augusto Di Castelnuovo'.
Dietary assessment and analysis: Martien van Dongen®.
Communication and dissemination: Americo Bonanni'.
Recruitment: Carla Dirckx,> Pit Rink,* Branislav Vohnout,'
Francesco Zito'.

External advisory committee: Mario Mancini, Napoli, Italy;
Antonia Trichopoulou, Athens, Greece.

The IMMIDIET group, collaborative centres and associated

investigators

1. Research Laboratories, Centre for High Technology Research
and Education in Biomedical Sciences, Catholic University,
86100 Campobasso, Italy (Licia Iacoviello, Franco Zito,
Augusto Di Castelnuovo, Americo Bonanni, Branislav
Vohnout, Marco Olivieri, Amalia De Curtis, Agneska
Pampuch, Maria Benedetta Donati, Giovanni de Gaetano).

2. Centre for Molecular and Vascular Biology, Katholicke
Universiteit Leuven, Leuven, Belgium (Jef Arnout, Carla
Dirckx, Ward Achten).

3. Department of General Practice, Katholieke Universiteit
Leuven, Leuven, Belgium (Frank Buntinx, Carla Dirckx, Jan
Heyrman).

4. Clinical Sciences Research Institute, Warwick Medical
School, Coventry, UK (Francesco P. Cappuccio, Michelle
A Miller); Division of Community Health Sciences, St
George’s, University of London, UK (Pit Rink, Sally C
Dean, Clare Harper).

5. Department of Epidemiology, NUTRIM Subdivision of
Nutritional Epidemiology, Maastricht University, Maas-
tricht, The Netherlands (Peter Dagnelie, Martien van
Dongen, Dirk Lemaitre).

6. Nutrition, Vieillissement et Maladies Cardiovasculaires
(NVMCYV), UFR de Médecine, Domaine de la Merci,
38056 La Tronche, France (Michel de Lorgeril).

7. Nutritional Epidemiology Unit, National Cancer Institute,
Milan, Italy (Vittorio Krogh, Sabrina Sieri, Manuela Belle-
gotti, Daniela Del Sette Cerulli).

8. Unit of Epidemiogy and Population Genetics, Institute of
Food Sciences CNR, Avellino, Italy (Alfonso Siani, Gian-
vincenzo Barba, Paola Russo, Antonella Venezia).

Supplementary Material

The following supplementary material is available for this
article:

Table S1 Characteristics of study participants according to sex
and country (Supplementary data).

Table S2 10-year global risk of fatal coronary events (SCORE
equations) in men and women of the three studied populations
(Supplementary data).

Table S3 Univariate and multivariate linear regression analysis
of anthropometric, metabolic and coagulation correlates of
CRP in men and women by country (Supplementary data).

This material is available as part of the online article
from: http://www.blackwell-synergy.com/doi/abs/10.1111/
j-1538-7836.2007.02851.x (This link will take you to the article
abstract).

Please note: Blackwell publishing are not responsible for the
content or functionality of any supplementary materials
supplied by the authors. Any queries (other than missing
material) should be directed to the corresponding author for
the article.

References

1 Volanakis JE. Human C-reactive protein: expression, structure, and
function. Mol Immunol 2001; 38: 189-97.

2 Sun H, Koike T, Ichikawa T, Hatakeyama K, Shiomi M, Zhang B,
Kitajima S, Morimoto M, Watanabe T, Asada Y, Chen YE, Fan J. C-
reactive protein in atherosclerotic lesions: its origin and pathophysio-
logical significance. Am J Pathol 2005; 167: 1139-48.

3 Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH.
Inflammation, aspirin, and the risk of cardiovascular disease in
apparently healthy men. New England J Med, 1997; 336: 973-9.

4 Saleh N, Svane B, Hansson LO, Jensen J, Nilsson T, Danielsson O,
Tornvall P. Response of serum C-reactive protein to percutaneous
coronary intervention has prognostic value. Clin Chem 2005; 51: 2124~
30.

S Pepys MB. CRP or not CRP? That is the question. Arterioscler
Thromb Vasc Biol 2005; 25: 1091-4.

6 Jan N. CRP — marker or maker of cardiovascular disease? Arterioscler
Thromb Vasc Biol 2005; 25: 1527-8.

7 Danesh J, Wheeler JG, Hirschfield GM, Eda S, Eiriksdottir G, Rumley
A, Lowe GDO, Pepys MB, Gudnason V. C-reactive protein and other
circulating markers of inflammation in the prediction of coronary
heart disease. New England J Med 2004; 350: 1387-97.

8 Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Comparison of C-
reactive protein and low-density lipoprotein cholesterol levels in the
prediction of first cardiovascular events. New England J Med 2002;
347: 1557-65.

9 Bermudez EA, Rifai N, Buring J, Manson JE, Ridker PM. Interrela-
tionships among circulating interleukin-6, C-reactive protein, and

© 2007 International Society on Thrombosis and Haemostasis



20

21

22

23

traditional cardiovascular risk factors in women. Arterioscler Thromb
Vasc Biol 2002; 22: 1668-73.

Schillaci G, Pirro M. C-reactive protein in hypertension: clinical sig-
nificance and predictive value. Nutr. Met Card Dis 2006; 16: 500-8.
Koenig W, Sund M, Frohlich M, Fischer H-G, Lowel H, Doring A,
Hutchinson WL, Pepys MB. C-reactive protein, a sensitive marker of
inflammation, predicts future risk of coronary heart disease in initially
healthy middle-aged men. Circulation 1999; 99: 237-42.

Yudkin JS, Stehouwer CDA, Emeis JJ, Coppack SW. C-reactive
protein in healthy subjects: associations with obesity, insulin resistance,
and endothelial dysfunction. Aterioscler Thromb Vasc Biol 1999; 19:
972-8.

Festa A, D’Agostino R Jr, Williams K, Karter AJ, Mayer-Davis EJ,
Tracy RP, Haffner SM. The relation of body fat mass and distribution
to markers of chronic inflammation. Int J Obes Relat Metab Disord
2001; 25: 1407-15.

Woodward M, Rumley A, Lowe GD, Tunstall-Pedoe H. C-reactive
protein: associations with haematological variables, cardiovascular
risk factors and prevalent cardiovascular disease. Br J Haematol 2003;
122: 135-41.

Thorand B, Baumert J, Doring A, Herder C, Kolb H, Rathmann W,
Giani G, Koenig W; KORA Group. Sex differences in the relation of
body composition to markers of inflammation. Atherosclerosis. 2006,
184: 216-24.

Tunstall-Pedoe H, Kuulasmaa K, Mahonen M, Tolonen H, Ruoko-
koski E, Amouyel P. Contribution of trends in survival and coronary-
event rates to changes in coronary heart disease mortality: 10-year
results from 37 WHO MONICA project populations. Monitoring
trends and determinants in cardiovascular disease. Lancet 1999; 353:
1547-57.

Tacoviello L, Arnout J, Buntinx F, Cappuccio FP, Dagneliec PC, de
Lorgeril M, Dirckx C, Donati MB, Krogh V, Siani A, on behalf of the
European Collaborative Group of the IMMIDIET Project. Dietary
habit profile in European Communities with different risk of myo-
cardial infarction: the impact of migration as a model of gene-envi-
ronment interaction-the IMMIDIET study. Nutr Metab Cardiovasc
Dis 2001; 11(Suppl.): 122-6.

Russo P, Lauria F, Loguercio M, Barba G, Arnout J, Cappuccio FP,
de Lorgeril M, Donati MB, lacoviello L, Krogh V, van Dongen M,
Siani A; European Collaborative Group of the IMMIDIET Project. -
344C/T variant in the promoter of the aldosterone synthase gene
(CYP11B2) is associated with metabolic syndrome in men. 4m J
Hypertens 2007; 20: 218-22.

di Castelnuovo A, Quacquaruccio G, Arnout J, Cappuccio FP, de
Lorgeril M, Dirckx C, Donati MB, Krogh V, Siani A, van Dongen MC,
Zito F, de Gaetano G, lacoviello L; European Collaborative Group of
IMMIDIET Project. Cardiovascular risk factors and global risk of
fatal cardiovascular disease are positively correlated between partners
of 802 married couples from different European countries. Report
from the IMMIDIET project. Thromb Haemost 2007; 98: 648-55.
Cappuccio FP, Strazzullo P, Farinaro E, Trevisan M. Uric acid
metabolism and tubular sodium handling: Results from a population-
based study. JAMA 1993; 270: 354-9.

O’Brien E, Waeber B, Parati G, Staessen J, Myers MG. Blood pressure
measuring devices: recommendations of the European Society of
Hypertension. BMJ 2001; 322: 531-6.

Clinical guidelines on the identification, evaluation, and treatment of
overweight and obesity in adults — the evidence report. National
Institutes of Health. Obes Res 1998; 6(Suppl 2): 51S-209S.
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem 1972; 18: 499-502.

© 2007 International Society on Thrombosis and Haemostasis

24

25

26

27

28

29

30

31

32

33

34

35

36

37

C reactive proteins in the IMMIDIET Project 443

Conroy RM, Pyorala K, Fitzgerald AP, Sans S, Menotti A, de Backer
G, de Bacquer D, Ducimetiere P, Jousilahti P, Keil U, Njolstad I,
Oganov RG, Thomsen T, Tunstall-Pedoe H, Tverdal A, Wedel H,
Whincup P, Wilhelmsen L, Graham IM; SCORE project group.
Estimation of ten-year risk of fatal cardiovascular disease in Europe:
the SCORE project. Eur Heart J 2003; 24: 987-1003.

Alberti KG, Zimmet P, Shaw J, IDF Epidemiology Task Force
Consensus Group. The metabolic syndrome — a new worldwide defi-
nition. Lancet 2005; 366: 1059-62.

Pearson TA, Bazzarre TL, Daniels SR, Fair JM, Formann SP,
Franklin BA, Goldstein LB, Hong Y, Mensah GA, Sallis JF Jr,
Smith S Jr, Stone NJ, Taubert KA. Am Heart Association Expert
Panel on Population and Prevention Science. Am Heart Association
guide for improving cardiovascular health at the community level:
a statement for public health practitioners, healthcare providers,
and health policy makers from the Am Heart Association Expert
Panel on Population and Prevention Science. Circulation 2003; 107:
645-51.

Yarnell J, McCrum E, Rumley A, Patterson C, Salomaa V, Lowe G,
Evans A. Association of European population levels of throm-
botic and inflammatory factors with risk of coronary heart disease:
the MONICA Optional Haemostasis Study. Eur Heart J 2005; 26:
332-42.

Hutchinson WL, Koenig W, Frohlich M, Sund M, Lowe GDO, Pepys
MB. Immunoradiometric assay of circulating C-reactive protein: age-
related values in the adult general population. Clin Chem 2000; 46:
934-8.

McConnell JP, Branum EL, Ballman KV, Lagerstedt SA, Katzmann
JA, Jaffe AS. Gender differences in C-reactive protein concentrations —
confirmation with two sensitive methods. Clin Chem Lab Med 2002;
40: 56-9.

Pieroni L, Bastard JP, Piton A, Khalil L, Hainque B, Jardel C.
Interpretation of circulating C-reactive protein levels in adults: body
mass index and gender are a must. Diabetes Metab 2003; 29(2 Pt 1):
133-8.

Ford ES, Giles WH, Myers GL, Rifai N, Ridker PM, Mannino DM.
C-reactive protein concentration distribution among US children and
young adults: findings from the National Health and Nutrition
Examination Survey, 1999-2000. Clin Chem 2003; 49: 1353-7.

Ledue TB, Rifai N. Preanalytic and analytic sources of variations in C-
reactive protein measurement: implications for cardiovascular disease
risk assessment. Clin Chem 2003; 49: 1258-71.

Ferrucci L, Corsi A, Lauretani F, Bandinelli S, Bartali B, Taub DD,
Guralnik JM, Longo DL. The origins of age-related proinflammatory
state. Blood 2005; 105: 2294-9.

Selvin E, Paynter NP, Erlinger TP. The effect of weight loss on
C-reactive protein: a systematic review. Arch Intern Med 2007; 167: 31—
9.

Alexander CM, Landsman PB, Teutsch SM, Haffner SM. NCEP-
defined MS, diabetes, and prevalence of coronary heart disease among
NHANES III participants age 50 years and older. Diabetes 2003; 52:
1210-4.

Rutter MK, Meigs JB, Sullivan LM, D’Agostino RB Sr, Wilson PW.
C-reactive protein, the metabolic syndrome, and prediction of car-
diovascular events in the Framingham Offspring Study. Circulation
2004; 110: 380-5.

Bo S, Gentile L, Ciccone G, Baldi C, Benini L, Dusio F, Lucia C,
Forastiere G, Nuti C, Cassader M, Pagano GF. The metabolic syn-
drome and high C-reactive protein: prevalence and differences by sex in
a southern-European population-based cohort. Diabetes Metab Res
Rev 2005; 21: 515-24.



