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Summary 

Over the last decade, C-reactive protein concentration analyzed 

by the high sensitivity method (hsCRP) has been proven as a 

marker of premature atherosclerosis. Concentration exceeding  

2 mg/l represents an increased individual risk of myocardial 

infarction and stroke but strict application of this borderline is 

complicated by relations of CRP concentrations to other risk 

factors of cardiovascular diseases. In a large 1 % representative 

sample of the Czech population, a positive relation of hsCRP to 

BMI, a waist circumference and triglyceride concentration was 

documented. Substantial sex differences were found in its 

relationship to age. Whereas it is continuously increasing in men, 

this increase appears in women only after menopause. A 

substantial decrease of body weight and visceral fat volume by 

increased physical activity is accompanied by significant decrease 

of hsCRP in young obese women. This decrease was not related 

to a change of interleukin-6 concentration, although it is 

supposed to regulate CRP production. CRP concentration is partly 

under genetic control as a higher concentration in young siblings 

of probands with proved coronary atherosclerosis was 

documented. The participation of genes related to lipoprotein 

metabolism (genes for apolipoprotein CI and apolipoprotein E) 

influence hsCRP concentrations. We hypothesized that an 

increased concentration of hsCRP represents a certain marker of 

proinflammatory status related to central obesity and triglyceride 

metabolism and it might be related to individual properties of 

monocytes in atherogenesis. 
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Introduction 
 

During second half of the last century, the 
incrustation hypothesis of atherosclerosis dominated the 
fields of epidemiology, pathophysiology, human 
physiology and clinical studies related to cardiovascular 
diseases (CVD). A high concentration of circulating 
cholesterol in blood was documented as the casual reason 
of increasing CVD deaths in both industrialized and 
developing countries (Keys 1952, Keys 1970). The high 
concentration of total plasma cholesterol was defined as 
the most important risk factor due to a high saturated fat 
diet that potentiated atherosclerosis development and 
early coronary or stroke death. During this period, the 
original inflammation hypothesis of atherosclerosis as 
described in the second half of the 19th century by 
Wirchow had been put to the back burner and the 
majority of research was concentrated on the lipoprotein 
metabolism, adverse effect of oxidized LDL and the 
protective effect of high density lipoprotein particles in 
atherogenesis (Castelli et al. 1986). 

Wirchow´s hypothesis was rediscovered by 
Russell Ross in 1990s with the formulation “response to 
injury” hypothesis (for review see Ross 1999) which 
proposed that endothelial denudation is the first step of 
atherogenesis followed by monocytes and T-cells 
infiltration to arterial wall (Jonasson et al. 1986, van der 
Wal et al. 1989). Infectious diseases and high 
homocysteine concentration were supposed to play a 
starting role in endothelial injury (Saikku et al. 1988). 
Although these two starting effects have been neglected 
by more recent results (Ridker et al. 1999b), endothelial 
dysfunction induced by numerous effects must be 

mailto:rudolf.poledne@ikem.cz


S112   Poledne et al.  Vol. 58 
 
 
included in the pathophysiology of atherogenesis. 
Accelerated adhesion of monocytes and T-cells on the 
surface of arterial wall (Springer and Cybulsky 1996) 
which consequently invade the subendothelial space and 
gradually develop into macrophages represent the starting 
points of atherogenesis. At this point, the two opposing 
hypotheses, the incrustation and inflammation combine 
together Stehbens (1999). Monocytes invading the 
arterial wall play a crucial role in the cleaning of 
subendothelial space from abundant LDL particles which 
are more frequently presented within the arterial wall due 
to the substantial increase of their intravasal 
concentration. Receptor mediated pathway for cholesterol 
homeostasis in macrophages (Brown and Goldstein 1986) 
represents a simple but accommodating link between the 
incrustation and inflammation hypotheses of 
atherosclerosis. Although increased concentration of LDL 
particles is required for atherogenesis, the central role of 
this process is played by monocytes and macrophages. 
The pathophysiology of atherosclerosis required both - an 
increased presence of LDL particles within arterial wall 
(accelerated inflow of cholesterol to furnish smooth 
muscle cells for structure of their membranes) and also 
the presence of monocytes developing gradually to 
macrophages. These macrophages play not only starting 
role of the process but play an important role in the 
vulnerability or stability of the already existing 
atherosclerosis plaque and their increased activity 
represents certain proinflammatory status. More than 
10 years ago, a marker of individual risk of this 
proinflammatory status predisposing for accelerated 
atherosclerosis and an increased risk of cardiovascular 
death had been described (Ridker et al. 1998). 

 
C-reactive protein as a marker of CVD risk 
and proinflammatory status 
 

C-reactive protein (CRP) is a protein of acute 
phase produced in the liver as a result of increased 
interleukin-6 (Il-6) stimulation of its synthesis. 
Macrophages are supposed to produce more Il-6 after 
different type of injury (infection, injury, etc.). Although 
relation of slightly increased CRP concentration was 
mentioned first by Mendall et al. (1996), the most 
important data were presented by Ridker et al. (1997). 
Numerous results have been published since this time 
documenting the relationship of hsCRP to CVD risk. The 
increased risk of CVD was identified in the range of 
concentration under a usual limit of pathology status 

(usually 10 mg/l). To analyze CRP concentration under 
this limit (in the “normal” range) requires the use a 
special type of kits with high sensitivity and these 
concentrations are described as hsCRP. Using this 
method, CRP concentration in “the normal range” was 
shown to be a very stable parameter in individuals 
(Ridker et al. 1999a). 

During last 10 years, it has been agreed that 
individuals with CRP concentration under 1 mg/l are in 
low risk of CVD whereas those with concentration over  
3 mg/l are in high risk with medium risk between 1 and 3. 
The importance of CRP as a marker of individual risk of 
CVD was amplified recently by a prospective study with 
administration of statins to individuals with normal 
concentration of LDL cholesterol (Ridker et al. 2008). 
Statins were able to a prevent significant amount of 
deaths in individuals with normal LDL cholesterol 
concentration but with increased CRP concentration, as 
they decrease of CRP concentration directly. 

 
CRP and similar CVD risk markers 

 
CRP concentration is related to other risk factors of CVD 

The importance of CRP concentration in the 
individual risk of CVD assessment is complicated by its 
relationship to numerous traditional CVD risk factors. 
This relationship has been published in different sets of 
individuals repeatedly (for review see Dvořáková and 
Poledne 2004). When we analyzed hsCRP concentration 
in a large representative sample of the Czech population 
of age between 25-65 (Czech MONICA), a highly 
significant relationship to other variables were obtained. 
CRP concentration is related positively to body weight 
both in men and women (Fig. 1). It was also related to the 
fasting concentration of triglycerides but no correlation to 
LDL or total cholesterol was found (data not shown). It 
might be concluded that concentration of CRP is a marker 
of metabolic syndrome as it is related to insulin resistance 
(Yudkin et al. 1999, Festa et al. 2000). We also 
documented that CRP concentration is directly related to 
the volume of visceral fat determined by magnetic 
resonance (Tintěra et al. 2004). CRP was also higher in 
smokers compared to non-smokers (1.39±0.82 and 
1.83±1.03 mg/l, p<0.01). Interestingly, the relationship of 
CRP to age was different in both sexes (Fig. 1). Whereas 
in men it is continuously increasing with age from 25 to 
65 yrs, this increase is manifested in women only after 
menopause and is flat in reproductive period. These two 
phases of proinflammatory status in women (contrary to 
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men) in ontogeny might play a role in lower CVD 
mortality in women during the reproductive period 
followed by much steeper increase (compared to men) of 
CRP concentration corresponding to increased mortality 
after menopause. 
 
 

 
 
Fig. 1. Changes of hsCRP with age (quartiles) in men (left) and 
women (right). Data were obtained from analysis of 1 % 
representative Czech population sample of age 25-34 years. CRP 
values were log-transformed for the use of statistical model to 
improve normality and to stabilize variants. 

 
 
CRP and depression 

A depressive mood is an independent behavioral 
risk of myocardial infarction in apparently healthy 
subjects (Koenig et al. 2006). This increase risk might be 
partly mediated by a proinflammatory status as it has 
been proven by a prospective study of Koenig et al. 
(2006) in the Augsburg MONICA. We have documented 
an increased proinflammatory status (measured by hsCR) 
in a large cohort of the Czech population (Pikhart et al. 
2009) in individuals with a depression mood indicated by 
questionnaires. In this large group of analyzed individuals 
we were able to document that increased CRP in 
depressive individuals is completely independent on other 
variables related to CRP concentration. It can be 
concluded that a depressive mood is an independent 
factor of an increase of proinflammatory status and 
consequently it is probably the main reason of an 
increased risk of coronary heart disease in individuals 
with depression. 

We tried to find if there is an increase in CRP 

concentration in depressive individuals also during acute 
MI. In a large group (n=1374) of consecutive MI 
survivors in 5 coronary care units in Prague (Piťha et al. 
2007), individuals with depression syndrome were 
identified. Their CRP concentration was determined after 
admission to coronary care units and 12 months later in 
control status. Although their basal CRP concentration 
differs from control population samples, the actual 
increase of CRP during acute coronary syndrome was not 
different from the rest of MI groups (without depression). 
It might be concluded that basal CRP concentration is 
probably regulated differently from an acute state – 
myocardial infarction. 

 
Intervention of proinflammatory status 
 

As CRP concentration increases with increasing 
of body weight and is related to volume of visceral fat 
(Tintěra et al. 2004) we tried to influence this individual 
negative effect on atherosclerosis development in 
40 young obese females (Dvořáková-Lorenzová et al. 
2006). This group of very engaged young obese 
volunteers was recruited by advertisements in a life-style 
journal. They were intervened for 9 weeks by a 
combination of dietary counseling (directed to a decrease 
of high fat food consumption and moderate decrease of 
total energy intake) and an increase of physical exercise. 

 Weekly physical exercise consisted of three 
controlled 60-min sessions in a fitness-centre and two 
non-controlled (but registered) sessions of bicycling, 
brisk walking or jogging sessions over weekends. Total 
body weight dropped on average for more than 8 kg  
(7.7 % of original body weight) with an adequate 
decrease of BMI, waist and hip circumference (Table 1). 
Although lipoprotein concentration did not change 
significantly (including triglycerides) there were highly 
significant changes in blood pressure, free fatty acids 
concentration and fasting insulin. In these young and 
healthy (with exception of overweight) volunteers LP 
concentration was within the normal range of the Czech 
women of the same age and no change of atherogenic 
lipoproteins was found after intervention but with 
significant increase of HDL concentration. The volume of 
visceral as well as subcutaneous fat decreased highly 
significantly (Table 1) but it is interesting the that the 
change of volume of visceral fat was almost twice as high 
as the change of subcutaneous one. In agreement with 
this change also CRP concentration decreased for 30 % 
with a relatively high variation (Fig. 2). 
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Fig. 2. Changes of hsCRP and Il-6 after 
intervention of 40 obese women by physical 
activity (9 weeks, 5 sessions/week). Mean ± 
S.D. with individual changes comparing 
baseline and final intervention data. 

 

 

 

 

 

 

 
Table 1. Effect of weight reduction of 40 young obese women 
by physical activity. 
 

 Baseline After 
treatment 

Weight (kg) 88.56 ± 12.51 81.75 ± 11.95 *** 
BMI (kg/m2) 31.52 ± 4.08 29.09 ± 3.89 *** 
Waist (cm) 93.24 ± 10.32 85.46 ± 9.14 *** 
Hip (cm) 114.31 ± 8.04 106.30 ± 7.76 *** 
W/H ratio 0.82 ± 0.06 0.80 ± 0.06 
Glucose (mmol/l) 5.21 ± 0.43 5.32 ± 0.34 
TC (mmol/l) 5.26 ± 0.82 5.31 ± 0.85 
TG (mmol/l) 1.20 ± 0.50 1.24 ± 0.50 
LDL-C (mmol/l) 3.06 ± 0.71 3.01 ± 0.74 
HDL-C (mmol/l) 1.53 ± 0.34 1.62 ± 0.39 
HDL/TC 29.3 ± 6.8 31.1 ± 9.7 
Insulin (μU/l) 10.1 ± 2.4 8.6 ± 2.1 * 
FFA (μmol/l) 860 ± 190 570 ± 130 *** 
SBP (mm Hg) 127.53 ± 8.98 119.70 ± 9.86 *** 
DBP (mm Hg) 80.96 ± 7.39 73.69 ± 7.66 *** 

 
Data are means ± S.D. (n = 40). BMI – body mass index, W/H 
ratio – waist:hip ratio, TC – total cholesterol, TG – triglycerides, 
FFA – free fatty acids, SBP – systolic blood pressure, DBP – 
diastolic blood pressure, Treatment effect: *** p<0.001, 
* p<0.05. 

 

 

Although CRP concentration decreased in 
almost all individuals with high level of significance  
(Fig. 2) there was no change in interleukin-6 
concentration when baseline and concentration after 
intervention were compared. We supposed that in this 
situation interleukin-6 production in macrophages is not 
playing a regulatory role in CRP production in the liver. 
It is very probable that this regulatory role is important in 
an acute phase as a result of acute infection or other type 
of damage. In this type of normal proinflammatory status 
induced by overweight, IL-6 is not playing any regulative 
role. Similarly to analysis of CRP relation to other risk 

factors of atherosclerosis in this intervention study, CRP 
concentration change is related to change of other risk 
factors of CVD. The decrease of body weight and adipose 
tissue volume was related not only to CRP decrease but 
also to change of blood pressure, FFA concentration and 
insulin sensitivity (Table 1).  

When linear regression analysis of CRP 
concentration changes to relationship of other metabolic 
parameters was performed, the most important parameter 
was a change of concentration of fasting triglycerides. It 
might be supposed that triglyceride metabolism plays an 
important role in the induction of proinflammatory status. 
It can be hypothesized that CRP synthesis might be 
regulated by TG concentration in hepatocytes as there is a 
well known relationship of this parameter to VLDL 
triglyceride concentration. The high inflow of free fatty 
acids to hepatocytes producing certain accumulation of 
triglycerides within the cell might stimulate CRP 
synthesis as a result of proinflammatory status. Then it 
might be direct relationship of the size of adipose tissue 
and CRP concentration which is modified by total 
amount of released free fatty acids and total increment of 
triglycerides inside of hepatocytes. There is a possibility 
of more direct explanation of BMI relationship to CRP. 
 
Genetics of CRP concentration 
 

The documentation of heritability of CRP 
concentration was definitively presented in the large 
group of Norwegian monozygotic twins group of Kåre 
Berg (Retterstol et al. 2003) as within-pair correlation 
coefficient of CRP concentration was 0.40. This 
represents a confirmation of the family studies of 
Margaglione et al. (2000). 

Results of a relation of individual CRP 
concentration changes to intravasal triglyceride 
concentration stimulated our research of a possible effect 
of polymorphisms of genes related to lipoprotein 
metabolism on proinflammatory status. Several candidate 
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genes have been analyzed in a large representative 
population sample. Out of these genes the effect of 
polymorphism of apoprotein C1 and apoprotein E was 
proved (Tables 2 and 3).  

 
 

Table 2. Effect of apoC1 gene polymorphism on CRP 
concentration.  
 

 Genotype 
Smoking 

1/1 1/2 2/2 

0 1.59 

1.41, 1.72 

1.26 

1.02, 1.50 

1.01 

0.45, 1.52 

male 

+ 2.04 

1.76, 2.32 

1.79 

1.28, 2.20 

1.32 

0.82, 1.73 

0 1.91 

1.74, 2.08 

1.84 

1.58, 2.01 

1.29 

0.59, 1.79 

female 

+ 1.94 

1.59, 2.30 

1.75 

1.15, 2.14 

2.18 

0, 6.23  

  
Mean of CRP stratified by sex with 95 % confidence limits. Data 
were obtained after analysis of 1 % representative Czech 
population sample, 1127 male and 1278 female subjects. 

 
 

Table 3. Effect of apoE gene polymorphism on CRP 
concentration.  
 

 Genotype 
Smoking 

E2/3 E3/3 E3/4 

0 1.78 

1.34, 2.22 

1.54 

1.37, 1.71 

1.25 

0.92, 1.58 

male 

+ 2.19 

1.27, 3.11 

1.93 

1.67, 2.20 

1.66 

1.07, 2.26 

0 1.83 

1.45, 2.20 

1.90 

1.73, 2.06 

1.67 

1.33, 2.02 

female 

+ 2.16 

1.34, 2.98 

1.85 

 1.50, 2.21 

1.88 

0.91, 1.92  

 
Mean of CRP stratified by sex with 95 % confidence limits. Data 
were obtained after analysis of 1 % representative Czech 
population sample, 1127 male and 1278 female subjects. 

 
 
The effect of apoC1 polymorphism was 

significant both in non-smokers (with lower CRP 
concentration) and smokers (with higher CRP 
concentration). The trend of decreasing of CRP 
concentration from 1/1 homozygotes through 
heterozygotes l/2 to 2/2 homozygotes reached statistical 
significance. The effect of apoprotein E polymorphism 
was less manifested when groups of individuals with 

genotype E2/3, E3/3 and E3/4 were compared. This effect 
was manifested only in men and not in women. Analysis 
of effect of these two genes on CRP was performed with 
application of statistical model including standardization 
for age and body weight. 

A more direct genetic effect of proinflammatory 
status was found in a study of families of probands with 
documented coronary atherosclerosis under age 65. This 
study was completed at the Regional Hospital in South 
Bohemia with the hypothesis that an increase of CRP in 
spouses with probands would document an environmental 
effect (family hygiene) whereas an increase in adult 
offspring would represent a possible genetic effect.200 
probands were enrolled to the study as consecutive patients 
with coronarography proved atherosclerosis of coronary 
tree admitted to cardiosurgery for coronary reconstruction. 
All family members (spouse and children – response rate 
varied between 75-97 % in different groups) were invited 
to outpatient clinic to physical and biochemical check. 
Data of probands, their spouses, sons and daughters were 
compared to sex- and age-matched controls from the 1 % 
representative sample of the Czech population (Table 4).  

Although 22 % of probands were already on 
statin therapy which has been proved to decrease CRP 
concentration, still their CRP was for 60 % higher 
compared to control groups. This difference was not 
influenced by age difference (age-matched) neither by 
difference of body weight as it was similar to control 
group. Concentration of CRP in spouses was not different 
from controls documenting no effect of family 
environment on proinflammatory status. A highly 
significant decrease of HDL cholesterol concentration in 
patients was found in comparison with controls. A lower 
concentration of LDL cholesterol in patients is produced 
predominantly by frequent statin treatment. On the other 
hand, we might expect also an effect of preventive 
influence of diet as these patients were already treated by 
their cardiologist long before admission to cardio-
surgery. This opinion is supported also by decrease of 
LDL cholesterol of their spouses compared to controls.  

There were no differences in BMI, total 
cholesterol and HDL cholesterol concentration when sons 
and daughters of probands were compared to controls 
(Table 4). They elicited only an increase in concentration 
of triglycerides but only in daughters and not in sons. A 
highly significant increase of CRP concentration was 
found in male offspring of probands (almost as twice as 
high) whereas this increase was less pronounced (but still 
significant) in their daughters (Table 4). It can be 
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concluded that proinflammatory status is at minimum 
partly inherited, as offspring of individuals with 
documented coronary artery sclerosis and proinflamma-
tory status display higher CRP concentration analyzed in 
age around 35-40 years much earlier before clinical 
complications generally appeared.  

Proinflammatory status is supposed one of the 
most important risk of premature atherosclerosis and 
CRP concentration has been proved as the most reliable 
marker of this status (Danesh et al. 2004). It is very 
improbable that CRP molecule might be atherogenic per 
se. It is a marker of individually determined properties 
of monocytes to be trapped with arterial wall during 

process of scavenging of an excess of LDL particles in 
the subendothelial space. Quite significant correlation of 
CRP concentration with several traditional risk factors 
of atherosclerosis makes application of this parameter 
for a determination of individual risk of premature 
clinical complication of atherosclerosis very 
complicated (Welsh et al. 2008). 
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