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Abstract

High-sensitivity C-reactive protein (hs-CRP) is a biomarker that correlates with atherothrom-
botic risk and outcome. hs-CRP is influenced by various modifiable and non-modifiable factors.
We studied the relationship between ethnic background and hs-CRP level, among the Jewish
population in Israel. A total of 3659 men and 2180 women were divided into two ethnic groups
(Ashkenazi and Sephardic Jews), based on the knowledge of Jewish immigration patterns
throughout the centuries. Mean hs-CRP levels were calculated for each group and were adjusted
for various factors known to influence hs-CRP. Sephardic Jews were found to have higher
adjusted mean hs-CRP levels (2.0 mg 1~ ' for men and 3.9 mg 1~ ' for women) compared with
Ashkenazi Jews (1.5 mg 1~ ! for men and 2.9 mg 1~ ! for women). Ethnic background emerged
as an independent significant predictor of hs-CRP levels. We demonstrated that ethnicity is an
important factor when considering hs-CRP as a marker of atherothrombotic risk.
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Introduction

Atherothrombosis is a leading cause of morbidity and mortality in Western
communities. It is accompanied by a low-grade subclinical and smouldering
inflammatory process (Libby et al. 2002) that probably reflects the presence of
multiple factors including gender (Zeltser et al. 2004), age (Larbi et al. 2004), morbid
biological factors including obesity (Frohlich et al. 2000, Rexrode et al. 2003, Ridker
et al. 2003, Santos et al. 2005, Warnberg et al. 2006), diabetes (Frohlich et al. 2000,
Ridker et al. 2003, Kerner et al. 2005), hypertension (Ridker et al. 2003, Tsioufis
et al. 2006), dyslipidaemia (Frohlich et al. 2000, Ridker et al. 2003, Pirro et al. 2004),
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use of hormones (Ridker et al. 1999, Kushner et al. 2006), smoking (Yasue et al.
2006), exercise (Petersen & Pedersen 2005), alcohol consumption (Imhof et al. 2001)
and various other factors (Kushner et al. 2006).

Several biomarkers have been used to detect and quantify the above-mentioned
microinflammatory process, the most widely used being high-sensitivity C-reactive
protein (hs-CRP). This biomarker has been shown to have both prognostic and
therapeutic implications (Ridker et al. 2002, 2003, Best et al. 2005, Laaksonen et al.
2005, Ridker et al. 2005, Khera et al. 2006, Kuller et al. 2006). It has not been
excluded as to whether it also has a pathogenetic role in the development of the
atherothrombotic process itself (Paffen & DeMaat 2006).

In addition to the above-mentioned reasons for the elevation of hs-CRP in the
population, genetic factors could be operating as well. In fact, several studies have
implicated ethnicity as a potential reason for the presence of increased hs-CRP
concentrations (Albert et al. 2004, Anand et al. 2004) and several polymorphisms that
contribute to increased hs-CRP concentrations have also been reported (Pankow et al.
2001, Crawford et al. 2006, Friedlander et al. 2006). Thus, further documentation of
a potential ethnic role in the presence of enhanced hs-CRP concentrations might be of
relevance.

We have taken advantage of the fact that Israel is an immigrant society. It therefore
presents an opportunity to research a potential ethnic influence on the concentrations
of hs-CRP. This analysis might have special relevance for the application of the
biomarker in daily practice.

Methods
Popularion

The present survey utilizes data from 11 274 individuals included in the Tel Aviv
Medical Center Inflammation Survey (TAMCIS) (Rogowski et al. 2004, 2005).
TAMCIS is a relatively large sample of apparently healthy individuals attending the
Tel Aviv Sourasky Medical Center for routine health examinations. Most individuals
were referred from work places throughout the country which have agreements with
the Center for conducting their employees’ annual health check-ups. This clinic is in
no way connected with referrals to the hospital. All individuals included in the present
survey provided written consent according to the instructions of the Institutional
Ethics Committee.

After excluding individuals with underlying inflammatory disease (arthritis,
inflammatory bowel disease, etc.), as well as those with any infections or other
inflammatory conditions such as infarction, surgery or angiography during the
6 months preceding study enrolment, along with cancer patients and individuals
whose hs-CRP measurement was not found to be recorded, we generated a sample of
8989 individuals.

The sample is further restricted to patients whose parents were both born in the
same country. Traditionally, ethnicity is defined according to the paternal birthplace
but we decided to include subjects whose parents were both born in the same country
with the aim of increasing the value of our findings. Applying this criterion, patients
were found to be from some 40 different origin backgrounds with group sizes ranging
from a handful (e.g. Spain, Croatia, Lebanon, the Netherlands) to samples as large as
a few hundred (e.g. Poland, Iraq). Such a distribution of the major explanatory
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variable required the merger of individual groups into wider categories of origin.
Preliminary analyses of individual groups with a large enough number of cases
originating in a given region, revealed significant similarities in the outcome
parameters. For example, patients with a Romanian background had results which
were similar to those of patients with a Polish background and each of these groups
had outcomes very similar to those of an aggregate of the rest of Europe. We also
witnessed a similarity between subjects of Yemenite and Iraqi backgrounds with both
groups being similar to the rest of Asia. These findings largely coincide with
knowledge of Jewish immigration patterns throughout the centuries (DellaPergola &
Even 2001). The Arab-Israeli ethnic group was not sufficiently large in TAMCIS to
form a statistically comparable group in the study and was not included in the analysis.

Accordingly, we reconstructed our survey population into two major ethnic groups.
One consisted of Ashkenazi Jews originating from Europe, America and Oceania. The
second consisted of Sephardic Jews originating from the Near-East and North-Africa
(including France whose Jewish population largely originates from North Africa). One
thousand three hundred and ninety-four individuals were excluded from the analysis
as their origins according to the categories were not ascertained. In addition, 1756
individuals whose parents were from two different ethnic groups were excluded. Thus,
the final sample comprised 5839 individuals of whom 3659 were men and 2180 were
women.

Definition of atherothrombotic risk factors

Diabetes mellitus was defined as a fasting blood glucose of >7.0 mmol 1~ ! (126 mg
dl™!) or the use of insulin or oral hypoglycaemic medications. Hypertension was
defined as a blood pressure of >140/90 mmHg on two separate measurements or the
use of antihypertensive medications. Dyslipidaemia was defined as low-density
lipoprotein (LDL) cholesterol or non-high-density lipoprotein (non-HDL) cholesterol
concentrations for individuals with triglyceride concentrations of >2.26 mmol 1~}
(200 mg d1~ ') above the recommended figure according to the risk profile defined by
the updated ATP III recommendations (National Cholesterol Education Program
2001) or the use of lipid-lowering medications. Smokers were defined as individuals
who smoked at least five cigarettes per day while past smokers had quit smoking for at
least 30 days prior to examination.

Laboratory methods

hs-CRP concentrations were measured using the Behring BN II Nephelometer
(DADE Behring, Marburg, Germany) (Rifai et al. 1999).

Statistical analysts

All the analyses were performed separately for men and women due to the significant
differences in hs-CRP and the different contributing factors influencing the variability
in hs-CRP between the genders. All data were summarized and displayed as mean +
standard deviation (SD) for the continuous variables [age, body mass index (BMI),
hs-CRP, etc.], and as number of patients plus the percentage in each group for
categorical variables (medication, cardiovascular risk factors, etc.). The crosstabs and
descriptive procedures were used to produce frequencies of categorical variables and
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means +SD of continuous variables. The hs-CRP and the triglyceride concentration
do not have normal distributions. Thus we used a logarithmic transformation which
converted them into normal distributions for all statistical procedures such as
correlations, ANCOVA, etc. All of the hs-CRP or triglyceride concentrations are
back-transformed geometrical means and standard deviation. The one-sample
Kolmogorov-Smirnov test and the Q-Q plots were used to test for the normality of
distributions.

For continuous variables, the independent Student’s z-test was performed to
compare the various parameters between the different ethnic groups. The age-
adjusted comparison of the continuous variables between the ethnic groups was
performed using ANCOVA under a general linear model. For all categorical variables
the % test was used to assess the significance between the ethnic groups. The age
standardization of the rate of risk factors and medication used by the ethnic groups
was performed using the direct method with the standard population being the
average population of Jewish men and women in Israel in 2004 (Central Bureau of
Statistics 2005).

Estimated marginal means of hs-CRP for the different ethnic groups were adjusted
for waist circumference, age, systolic and diastolic blood pressures, glucose concen-
tration, BMI and complete lipid profile including LDL, HDL and triglyceride
concentrations. Further adjustments were made for alcohol consumption, exercise
intensity, the use of medications including aspirin, beta-blockers, calcium channel
blockers, angiotensin-converting enzyme (ACE) inhibitors, angiotensin II receptor
blockers (ARB), statins and fibrates. The use of oral contraceptives and hormone
replacement therapy was adjusted for women. Smoking status, hypertension, diabetes
mellitus, history of atherothrombotic event (ischaemic heart disease, cerebrovascular
event or peripheral arterial disease) and family history of coronary heart disease
(CHD) were also all adjusted using ANCOVA under a general linear model. We
further assessed the pairwise statistical significance between the different ethnic
groups.

In order to assess which variables from the aforementioned list contribute to the
variability of the inflammatory marker, hs-CRP, we used the linear regression model,
with hs-CRP as the dependent variable and all other variables mentioned in addition
to the ethnic group as the independent variables using the stepwise method.

The level of significance used for all of the above analyses was two-tailed (p <0.05).
The SPSS statistical package was used to perform all statistical evaluation (SSPS Inc.,
Chicago, IL, USA).

Results

We analysed two different populations in our study: Ashkenazi Jews (originating from
Europe, America and Oceania) and Sephardic Jews (originating from the Near-East
and North-Africa, including France whose Jewish population is largely from North
Africa).

Table I demonstrates the demographic characteristics of men according to their
respective ethnic origins. The volunteers of Ashkenazi ancestry were older compared
with the Sephardic volunteers and had higher values for various metabolic parameters
such as age-adjusted blood pressure, waist circumference, BMI and LDL cholesterol
levels compared with their Sephardic counterparts. It is worth noting that despite
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Table I. Mean +standard deviation (SD) of age, and age-adjusted estimated marginal mean of the other
demographic variables of men by ethnic origin (n =3659).

Ashkenazi Jews Sephardic Jews

(n=2162) (n=1497) p-Value
Age? (years) 49+10 46 +10 <0.001
Waist (cm) 98 96 <0.001
BMI (kg m ~2) 27.5 27.1 0.001
Heart rate (beats min ") 69 71 0.002
Diastolic BP (mmHg) 79 78 <0.001
Systolic BP (mmHg) 128 125 <0.001
Haemoglobin (g1~ 1) 150 149 0.021
Glucose (mmol 17 1) 5.37 5.42 0.248
HDL cholesterol (mmol 1™ 1) 1.32 1.29 <0.001
LDL cholesterol (mmol 171) 3.23 3.20 0.243
Triglycerides (mmol 17 %) 1.53 1.58 0.138
Alcohol consumption (glass per week) 1.4 1.1 <0.001
Exercise intensity (hours per week) 2.6 2.0 <0.001
FCRS (%) 6.5 6.5 0.746
hs-CRP (mg 1™ %) 1.4 1.8 <0.001

Mean +standard deviation of age. BMI, body mass index; BP, blood pressure; LDL, low-density
lipoprotein; HDL, high-density lipoprotein; FCRS, 10-year Framingham’s coronary risk; hs-CRP, high-
sensitivity C-reactive protein.

these metabolic differences, the age-adjusted hs-CRP level was significantly lower in
the Ashkenazi population.

Table II demonstrates the characteristics of women according to their respective
ethnic origins. Female volunteers of Ashkenazi ancestry were older compared with

Table II. Mean +SD of age, and age-adjusted estimated marginal mean of the other demographic variables
of women by ethnic origin (7 =2180).

Ashkenazi Jews Sephardic Jews

(n=1253) (n=927) p-Value
Age® (years) 50+10 4648 <0.001
Waist (cm) 84 83 0.026
BMI (kg m~?) 25.8 25.9 0.606
Heart rate (beats min 1) 71 73 0.001
Diastolic BP (mmHg) 75 75 0.345
Systolic BP (mmHg) 121 117 <0.001
Haemoglobin (g1~ ") 132 129 <0.001
Glucose (mmol 171) 5.14 5.09 0.275
HDL cholesterol (mmol 171) 1.70 1.60 <0.001
LDL cholesterol (mmol 17 1) 3.21 3.16 0.174
Triglycerides (mmol 17 1) 1.17 1.20 0.244
Alcohol consumption (glass per week) 0.7 0.3 <0.001
Exercise intensity (hours per week) 2.0 1.9 0.281
FCRS (%) 1.6 1.3 0.002
hs-CRP (mg 1~ 1) 1.5 1.9 <0.001

#Mean +standard deviation of age. BMI, body mass index; BP, blood pressure; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; FCRS, 10-year Framingham’s coronary risk; hs-CRP, high-
sensitivity C-reactive protein.
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their Sephardic counterparts and had higher values for various metabolic parameters
in a similar manner to that demonstrated for men.

The difference in hs-CRP values between the two ethnic groups for both genders
are further emphasized after adjusting the hs-CRP for the various demographic and
metabolic variables that were included in the study (Table III).

Table IV demonstrates the age-standardized rates of the different cardiovascular risk
factors as well as of history of proven atherothrombotic event among the different
ethnic groups. It is evident that the Ashkenazi group had higher percentages of some
cardiovascular risk factors in both genders and proven atherothrombotic events in
men, with the exception of smoking which was more prevalent in male volunteers of
Sephardic ancestry. Of note is the finding that family history was as prevalent in both
groups, and the rate of diabetes mellitus, an important cardiovascular risk factor, was
the same in males of both ethnic groups.

Table V presents the age-standardized rates for the usage of different medications
between the two ethnic groups according to gender. As can be seen and expected from
their higher prevalence of risk factors (Table IV), the Ashkenazi group had a
significantly higher percentage of medication usage in most of the categories, except
for oral contraceptives which were more prevalent in Sephardic females.

Table VI highlights variables that were entered into the linear regression model as
independent predictors of hs-CRP concentration. While ethnic group, BMI, waist
circumference, HDL cholesterol, triglyceride concentration, use of calcium channel
blockers and exercise intensity were found to explain independently the variability of
hs-CRP in both genders, other factors were gender specific. Table VI also includes the
partial correlation of all the variables entered into the model, controlling for all others.
Interestingly, the factor that emerged as the most likely to influence hs-CRP was being
a male of Sephardic descent. This factor has proven to be a stronger predictor than all
other traditional factors included in the analysis.

Discussion

hs-CRP is a well-established predictor of cardiovascular risk and outcome (Ridker
et al. 2002, 2003, Best et al. 2005, Laaksonen et al. 2005, Ridker et al. 2005,
Khera et al. 2006, Kuller et al. 2006) and is thus of special interest from an
epidemiological point of view. In this study we have demonstrated for the first time to
our knowledge, CRP variation among Ashkenazi and Sephardic Jews in Israel.
Subjects of Sephardic origin were found to have significantly higher adjusted mean

Table III. Mean +standard error of the mean (SE) concentrations of inflammatory markers of men and
women by ethnic origin after adjustment for demographic and metabolic variables.

Ashkenazi Jews Sephardic Jews p-Value
Men (n =3659)
n 2162 1497
hs-CRP 1.5+1.1 2.0+1.1 <0.001
Women (n =2180)
n 1253 927
hs-CRP 29+1.2 39+1.3 <0.001

hs-CRP, high-sensitivity C-reactive protein.
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Table IV. Age-standardized® percentage of the different cardiovascular risk factors among the two ethnic
groups plus the statistical significance between them in men and women.

Ashkenazi Jews Sephardic Jews x? p-Value

Men (n =3659)

n 2162 1497

Dyslipidaemia 32.4 25.8 <0.001

Family history 14.7 12.7 0.081

Hypertension 27.7 20.7 <0.001

Diabetes mellitus 5.0 4.4 0.384

Current smoker 18.2 20.4 0.024

Past smoker 24.0 26.3

Atherothrombotic event 5.3 3.9 0.045
Women (n =2180)

n 1253 927

Dyslipidaemia 26.9 20.5 0.001

Family history 16.2 15.3 0.546

Hypertension 20.1 15.1 0.003

Diabetes mellitus 4.2 1.8 0.001

Current smoker 20.9 19.3

Past smoker 24.3 13.2 <0.001

Atherothrombotic event 4.3 3.7 0.470

#Age standardization was based on the average Jewish population in 2004 in men and women, by the direct
method.
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£ ? Table V. Age-standardized® percentages of the different medications among the two ethnic groups plus the

ug 2 statistical significance between them in men and women.

g Ashkenazi Jews Sephardic Jews x2 p-Value

% Men (n =3659)

g n 2162 1497

% Statins 11.7 6.9 <0.001

9) Fibrates 1.4 0.6 0.025

E Beta-blockers 6.7 4.6 0.007

o] Calcium channel blockers 4.3 2.7 0.010

5 ACE inhibitors 4.6 2.9 0.009

[i Aspirin 11.1 8.0 0.002

Women (n =2180)

n 1253 927
Statins 8.7 8.6 0.908
Fibrates 0.9 0.1 0.007
Beta-blockers 6.4 4.0 0.015
Calcium channel blockers 1.7 1.1 0.280
ACE inhibitors 3.8 1.4 0.001
Aspirin 3.1 3.8 0.401
Oral contraceptives 18.4 22.2 0.026
Hormone replacement therapy 7.7 7.5 0.840

?Age standardization was based on the average Jewish population in 2004 in men and women, by the direct
method. ACE, angiotensin-converting enzyme.
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Table VI. Variables that were entered into the linear regression model with hs-CRP as the dependent
variable and all other potential variables including ethnic group as the independent variables for men and
women.

Unstandardized Standardized

coefficient coefficient
Parameter B Beta p-Value Partial correlation
Men (R*>=0.18)

Sephardic Jew 0.125 0.142 <0.001 0.149
Waist 0.007 0.160 <0.001 0.094
BMI 0.018 0.155 <0.001 0.092
LDL cholesterol 0.001 0.088 <0.001 0.091
HDL cholesterol —0.003 —0.073 <0.001 —0.071
Current smoker 0.068 0.058 <0.001 0.063
Exercise intensity —0.009 —0.058 <0.001 —0.062
Glucose 0.001 0.046 0.005 0.048
Systolic blood pressure 0.001 0.046 0.007 0.046
Statins —0.057 —0.043 0.008 —0.045
Log (triglycerides) 0.081 0.041 0.021 0.039
CCB 0.080 0.035 0.029 0.037
Family history of CHD 0.036 0.031 0.045 0.034
Women (R*>=0.38)

Oral contraceptives 0.462 0.230 <0.001 0.270
BMI 0.037 0.345 <0.001 0.230
Log (triglycerides) 0.383 0.159 <0.001 0.174
Sephardic Jew 0.129 0.127 <0.001 0.153
Hormone replacement therapy 0.183 0.117 <0.001 0.144
Waist 0.005 0.121 <0.001 0.081
Diabetes mellitus 0.146 0.054 0.002 0.067
Diastolic blood pressure 0.001 0.047 0.008 0.058
Alcohol consumption —0.016 —0.043 0.017 —0.053
Exercise intensity —0.007 —0.039 0.026 —0.049
CCB 0.124 0.036 0.038 0.046
HDL cholesterol —0.001 —0.039 0.047 —0.044

BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CCB, calcium
channel blocker; CHD, coronary heart disease.

levels. Ethnic origin has also emerged in the multivariate regression analysis as a very
important independent predictor of hs-CRP level among the different groups, beyond
the known predictors.

It is interesting to point out that although Sephardic Jews demonstrated a higher
mean hs-CRP value than their Ashkenazi counterparts, they held lower rates of almost
all other established atherothrombotic risk factors (with the exception of smoking)
with varying degrees of significance. To further emphasize this discrepancy, we found
that Ashkenazi Jews of male gender demonstrated a significantly higher percentage of
a past history of a proven atherothrombotic event as compared with their Sephardic
counterparts. A similar non-significant trend was demonstrated in the female group
(Table IV). This finding necessitates the investigation for other unknown factors
which may contribute to these differences. In this case of ethnic differences, genetic
heterogeneity is the likely candidate. In addition, these findings highlight the need to
interpret an individual’s hs-CRP level in the context of their other cardiovascular risk
factors as well as their ethnic origin. In practice, the derivation of different and specific
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reference ranges of hs-CRP for different ethnic groups might improve the diagnostic
and prognostic yield of measuring hs-CRP concentrations in patients from specific
ethnic groups.

Our study findings correlate with past studies which have shown an ethnic-based
variation among North American, European and Asian communities (Chambers et al.
2001, Albert et al. 2004, Anand et al. 2004, Berliner et al. 2005). Albert et al.
investigated hs-CRP variation among 24 455 Caucasian, 254 Hispanic and 475
African-American women in the USA in a large cross-sectional study. They
demonstrated that median hs-CRP levels are significantly higher among African-
American women (2.96 mg 1~ ') than among their Caucasian and Hispanic counter-
parts (2.02 mg 17! and 2.06 mg 17!, respectively) and that Asian women have
significantly lower median hs-CRP levels (1.12 mg 1~ ") (Albert et al. 2004). These
changes were still significant after adjusting for known factors that influence hs-CRP
levels. Another study by Anand et al. showed significant hs-CRP variation in Canada
among 1250 men and women of various ethnic origins. Aborigines had the highest
mean hs-CRP levels (3.74 mg 1~ 1) followed by South Asians and Europeans (2.59 mg
17! and 2.06 mg 17!, respectively). The lowest mean hs-CRP levels were demon-
strated among the Chinese ethnic group (1.18 mg 1~ ). Differences in hs-CRP among
the various groups were diminished, but not eliminated after adjustments were made
for metabolic factors (Anand et al. 2004). Chambers et al. demonstrated ethnic-based
hs-CRP differences by comparing 518 Indian Asians with 507 European Caucasians.
hs-CRP levels (1.47 mg 1~ ! for European Caucasians and 1.71 mg 1~ ! among Indian
Asians, p =0.03) remained statistically significant after adjusting for age, cigarette
smoking, BMI and other conventional CHD risk factors. However, the difference in
CRP concentrations between the racial groups was eliminated by adjusting for waist—
hip ratio or insulin-resistance score (Chambers et al. 2001). A small study in Israel
demonstrated that Yemenite Jews have enhanced concentrations of hs-CRP compared
with the general population, indicating that the benign hereditary leukopenia—
neutropenia present in this ethnic group does not represent an absence of low-grade
inflammation (Berliner et al. 2005).

In our study we found various factors other than ethnicity which independently
predict elevated hs-CRP levels (Table VI). These include BMI, waist circumference,
low HDL cholesterol and high triglyceride concentrations, use of calcium channel
blockers and low exercise intensity in both genders. In addition, for men specifically,
LDL cholesterol, smoking status, glucose concentration, systolic blood pressure, use
of statins and a family history of CHD were relevant factors. For women, oral
contraceptives, hormone replacement therapy, diabetes mellitus, diastolic blood
pressure and alcohol consumption were found to be statistically significant factors
contributing to the variability of hs-CRP. All of these factors correlate with known risk
factors and variables that influence the concentration of hs-CRP. Furthermore, the
finding that ethnic group enters the models in addition to all of these variables and has
a powerful influence on hs-CRP concentrations, emphasizes the importance of ethnic
group in this regard.

Although a very large cross-sectional cohort was investigated in this study, only a
prospective, long-term study will be able to shed light upon the complex relationship
linking ethnicity, inflammatory makers and cardiovascular morbidity and mortality.
Future studies investigating CRP trends in immigrants compared with their native
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offspring will provide a unique opportunity to further understand environmental
versus genetic contributions to hs-CRP levels.
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