Bratisl Lek Listy 2005; 106 (11): 345  347

345

CLINICAL STUDY

C-reactive protein and nutrition
Krajcovicova-Kudlackova M, Blazicek P
Research Base of the Slovak Medical University, Institute of Preventive and Clinical Medicine, Bratislava,
Slovakia.marica.kudlackova@szu.sk
Abstract
High sensitivity C-reactive protein (hsCRP) is a proven method to better predict the cardiovascular risk
and target therapeutic interventions. Serum concentrations of hsCRP were measured in an adult apparently healthy population aged 1975 years of different nutrition: a vegetarian group (lacto- and lacto-ovovegetarians who consumed plant food, dairy products and eggs) and a group of non-vegetarians (general
population) on traditional mixed diet. The average hsCRP concentration was significantly reduced in the
vegetarian group (0.72±0.07 vs 1.62±0.12 mg/l) with no risk values >3 mg/l vs 14 % in non-vegetarians.
In non-vegetarians, a positive linear correlation of hsCRP values and age (r = 0.35, p<0.001) was recorded
vs horizontal trend line in vegetarians. Low and age independent concentration of hsCRP in vegetarians is
the consequence of a long-term consumption of fruits and vegetables. These food commodities are important
sources of dietary salicylates as well as other anti-inflammatory compounds (Tab. 1, Fig. 1, Ref. 15).
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High sensitivity C-reactive protein (hsCRP), a marker of inflammation, predicts incidence of myocardial infarction, stroke,
peripheral arterial disease and sudden cardiac death among healthy
individuals with no history of cardiovascular disease and recurrent events and death in patients with acute or stable coronary
syndromes (Bassuk et al, 2004). High sensitivity CRP confers
additional prognostic value at all concentrations of cholesterol,
Framingham coronary risk score, severity of the metabolic syndrome, blood pressure and in those with and without subclinical
atherosclerosis. To date, more than 20 prospective epidemiological studies have demonstrated that hsCRP independently predicts
vascular risk, 6 cohort studies have confirmed that hsCRP evaluation adds prognostic information beyond that available from the
Framingham risk score, and 8 cohort studies have demonstrated
additive prognostic value at all levels of metabolic syndrome or in
prediction of type 2 diabetes (Ridker et al, 2004).
Interventions that lower hsCRP include diet, exercise, smoking cessation, statin therapy and improved glycemic control
(Ridker, 2004; Willerson and Ridker, 2004). The aim of this study
was to assess the concentrations of hsCRP in relation to nutrition.

ent nutrition: the vegetarian group  long-term lacto-vegetarians
and lacto-ovo-vegetarians (duration of vegetarianism 10.4±0.4
years) consuming plant food, dairy products and eggs (n = 133)
and the non-vegetarian group  subjects of general population
on a traditional mixed diet (n = 137). Characteristic of groups is
showed in Table 1. The subjects were non-smokers. Both groups
had a similar mean age. In vegetarian group, the body mass index
was significantly lower with an incidence of overweight 11 % vs
30 % in non-vegetarians. Obese subjects were found only in nonvegetarian group (7 %) vs 0 % in vegetarian group.
Blood samples were collected using standard technique.
EDTA was used as an anticoagulant. Serum C-reactive protein
concentrations were detected by immunoturbidimetric method
using a high sensitivity test (Randox, UK). Plasma vitamin C
concentrations were measured by HPLC method (Cerhata et al,
1994). The survey was carried out in spring. Intake of vitamins,
mineral and trace elements was considered only in their natural
form (no supplementation). Students t-test and regression analysis were used for final evaluation.

Subjects and methods

Slovak Medical University, Institute of Preventive and Clinical Medicine, Bratislava and Hospital of Defense Ministry, Bratislava

Randomly selected apparently healthy subjects aged 1975
years were distributed into two groups characterized by a differ-
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Despite changes in lifestyle and the effective pharmacological
interventions to lower cholesterol concentrations, coronary heart
disease remains the major cause of morbidity and mortality in the
industrialized world. Recent evidence from laboratory and prospective clinical studies demonstrates that atherosclerosis is not
simply a disease of lipid deposition, but rather an inflammatory
process with highly specific cellular and molecular responses (Rifai
and Ridker, 2002). The clinical utility of inflammatory markers
has been examined in a variety of atherothrombotic diseases as
mentioned previously. Because CRP is highly stable in stored frozen samples and automated and robust analytical systems are available, it has become the most widely examined inflammatory marker.
Among apparently healthy men and women, concentrations
of hsCRP of less than 1, from 1 to 3 and more than 3 mg/l are
associated with low, moderate and higher risks for future cardiovascular disease, respectively (Torres and Ridker, 2003). The mean
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Fig. 1. Correlation between C-reactive protein concentrations and
age, vitamin C concentrations or duration of vegetarianism.
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Tab. 1. Groups characteristic, values of C-reactive protein and vitamin C and risk values incidence in %.

n (m+w)
age range (y)
mean age (y)
body mass index (kg/m2)
>25
>30
>35
smokers
duration of vegetarianism (y)
C-reactive protein (mg/l)
<1
1-3
>3
vitamin C (µmol/l)

Non-vegetarians

Vegetarians

137 (51+86)
19-75
47.2±1.4
24.7±0.3
30 %
7%
0%
0
1.62±0.12
33 %
53 %
14 %
54.0 ± 1.6

133 (45+88)
19-75
46.2±1.4
22.9±0.2*
11 %
0%
0%
0
10.4±0.4
0.72±0.07*
75 %
25 %
0%
70.9±2.1*

Results are expressed as mean±SEM, * p<0.001

concentration of hsCRP in vegetarians is significantly reduced as
compared to non-vegetarians (Tab. 1). Values less than 1 expressing a low or no risk were found in 75 % in vegetarian group vs
33 % in non-vegetarian group. A moderate risk for future cardiovascular disease was observed in 25 % of vegetarians vs 53 % of
non-vegetarians. A higher risk was observed in 14 % in general population group vs none in vegetarian group. The highest value of hsCRP
was 2.64 in vegetarian group and 6.19 in non-vegetarian group.
High sensitivity CRP as a marker of inflammation may be
useful in identifying persons most likely to benefit from aspirin
in the prevention of cardiovascular disease (Oparil and Oberman,
1999). Lawrence and co-workers (2003) measured amounts of
salicyluric and salicylic acids excreted daily in the urine of nonvegetarians, vegetarians and patients taking 75 or 150 mg aspirin/day. Significantly more of both acids was excreted in urine
of vegetarians than in non-vegetarians, although amounts were
lower than those excreted by patients taking aspirin. A higher
excretion of acids in vegetarians is connected with frequent and
sufficient consumption of fruits and vegetables. These food commodities are important sources of dietary salicylates.
Vitamin C is derived from fruits and vegetables. We have
found a significant direct relationship between fruit and vegetable
consumption and plasma vitamin C concentration (KrajèovièováKudláèková et al, 2003 a). It means that plasma vitamin C value
can be an effective indicator of sufficient fruit and vegetable consumption, which is also associated with an intake of salicylates.
In both groups, we have found a significant inverse correlation
between hsCRP and plasma vitamin C concentrations (Fig. 1).
In our repeated studies we have shown that vegetarians have
higher antioxidant status than non-vegetarians and a high plasma
concentrations of vitamin C (Tab. 1) (Krajèovièová-Kudláèková
et al, 2003 b, 2004). Due to a significantly higher consumption
of fruits and vegetables in healthy vegetarians, compared to
healthy non-vegetarians, (Krajèovièová-Kudláèková et al, 2004)
are vitamin C and salicylate intakes significantly higher (and
probably also the intake of other anti-inflammatory compounds)
and hsCRP blood concentrations are lower. The hsCRP concen-
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trations decrease with duration of vegetarianism (Fig. 1). The
reduced values of hsCRP in vegetarians are in accord with observations of other authors (Szeto et al, 2004; Fontana et al, 2005).
Risk hsCRP values predict the future incidence of chronic
age-related diseases. HsCRP values in vegetarians express a horizontal trend line when correlated with age (Fig. 1) while values
in non-vegetarians significantly increase with age. The low and
age independent values of hsCRP in vegetarians are a consequence of a protective effect of long-term sufficient intake of
fruits and vegetables. Protective effect of nutrition is important
in each age  in younger or older adults with a potential risk of
age related diseases including atherosclerosis and in elderly subjects with a potential risk of a variety of complications. The low
and age independent hsCRP values we observed also in elderly
vegetarians (Krajèovièová-Kudláèková et al, 2005).
References
Bassuk SS, Rifai N, Ridker PM. High sensitivity C-reactive protein, clinical importance. Curr Probl Cardiol 2004; 29: 439493.
Cerhata D, Bauerova A, Ginter E. Ascorbic acid determination in serum by
high performance liquid chromatography and its correlation with spectrophotometric determination. Ces Slov Farm 1994; 43: 166168.
Fontana L, Shew JL, Holloszy JO, Villareal DT. Low bone mass in subjects
on a long-term raw vegetarian diet. Arch Intern Med 2005; 165: 684689.
Krajèovièová-Kudláèková M, Ginter E, Valachovièová M, Klvanová J,
Spustová V, Pauková V. Vitamins C and E in a group of the ethnic Romany
minority in western Slovakia. Klin Biochem Metab 2003 a; 11: 2326.
Krajèovièová-Kudláèková M, Ursínyová M, Blaíèek P, Spustová V,
Ginter E, Hladíková V, Klvanová J. Free radical disease prevention and
nutrition. Bratisl Lek Listy 2003 b; 104: 6468.
Krajèovièová-Kudláèková M, Spustová V, Pauková V. Lipid peroxidation and nutrition. Physiol Res 2004; 53: 219224.
Krajèovièová-Kudláèková M, Spustová V, Blaíèek P, Valachovièová M.
Cardiovascular risk factors in two nutritional groups of elderly population.
Cor Vasa 2005; 47: 354358.
Lawrence JR, Peter R, Baxter GJ, Robson J, Graham AB, Paterson JR.
Urinary excretion of salicyluric and salicylic acids by non-vegetarians, vegetarians and patients taking low dose aspirin. J Clin Pathol 2003; 56: 649650.
Oparil S, Oberman A. Nontraditional cardiovascular risk factors. Amer J
Med Sci 1999; 317: 193207.
Ridker PM. Inflammation in atherothrombosis, how to use high-sensitivity Creactive protein in clinical practice. Amer Heart Hosp J 2004; 2: 49.
Rifai N, Ridker PM. Inflammatory markers and coronary heart disease.
Curr Opin Lipidol 2002; 13: 383389.
Ridker PM, Wilson PW, Grundy SM. Should C-reactive protein be added
to metabolic syndrome and to assessment of global cardiovascular risk? Circulation 2004; 109: 28182825.
Szeto YT, Kwok TC, Benzie IF. Effect of a long-term vegetarian diet on
biomarkers of antioxidant status and cardiovascular disease risk. Nutrition
2004; 20: 863866.
Torres JL, Ridker PM. High sensitivity C-reactive protein in clinical practice. Am Heart Hosp J 2003; 1: 207211.
Willerson JT, Ridker PM. Inflammation as a cardiovascular risk factor.
Circulation 2004; 109: 210.
Received June 25, 2005.
Accepted October 27, 2005.

