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C-reactive protein (CRP) isa very strong acute phase protein. During the acute phase of disease
the CRP concentration can increase up to a thousand-fold. However, a higher CRP concentration is
also observed during chronic stages of disease, for examplein subjectswith chronic bronchitis, peri-
odontal disease or subjectswith increased titers of Helicobacter pylori or Chlamydia pneumoniae. The
concentration of CRP isalso reported to be associated with age, sex, race, smoking, obesity, consumption
of coffee and alcohal, stress, physical training, lipid levels, and blood pressure. Statinsdecreasethe CRP
concentration whereas estrogen increasesit. With regard to most other drugs no consistent relation-

ship has been reported.
(Ital Heart J2001; 2 (3): 189-195)

Regulation of C-reactive protein synthesis

C-reactive protein (CRP) isavery strong
acute phase protein. In healthy, young sub-
jects and resting situations the serum con-
centration is< 1.5 mg/l. In acute phase sit-
uations, however, the concentration can in-
crease up to a thousand-fold. CRP is syn-
thesized mainly in hepatocytes, but mMRNA
and CRP have been shown to be present in
monocyte-derived macrophages in athero-
sclerotic plagues, lymphocytes and aveolar
macrophagest-4.

Different forms of CRP have been de-
scribed. Firstly, the most common formisthe
cyclic, pentameric, blood-borne form termed
“native’” CRPwhich has activitiesmainly as-
sociated with the resolution of inflammation.
Secondly there are conformationally altered
and aggregated forms of CRP which dis-
play pro-inflammatory properties, and third-
ly, there are proteolytically degraded forms
of CRP which exhibit mixed activitiess. In
vitro studies on these different forms suggest
that the heterogeneity has clinica relevances,
but in vivo the levels of the different forms
have not yet been studied.

There are subgtantial differencesinthere-
sponse of the acute phase proteins to stim-
uli. For example, serum amyloid A, anoth-
er very strong acute phase protein, and CRP
respond differently to stimuli such as surgi-
cal traumaor immunological tissueinjurys.
This suggests that independent, injury-spe-
cific pathways exist for the regulation of
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the synthesis of CRP and other acute phase
proteinst. Since the clearancerate of CRPis
not influenced by diseases such as rheuma-
toid arthritis, systemic lupus erythemato-
sus, infections and neoplasia, it is expected
that CRP concentrations are mainly deter-
mined by effects on the synthesisrate’. Dif-
ferences in regulation have also been de-
scribed for other acute phase proteins al-
though most are regulated mainly by inter-
leukin (IL)-6, IL-1p and tumor necrosisfac-
tor (TNF)-a&-10,

The variation of CRP concentrations in
ahealthy individual over timeisrather large,
but often it is possible to distinguish a sta-
ble basal level with afew outliersti-13, Peak
values of CRPusually disappear within afew
days of the inflammatory stimulust4. Sea-
sonal variationsin CRP concentrations have
been described with higher concentrationsin
winter than in summer15.16, One study eval-
uated CRP levelsin the morning and after-
noon and found no difference, suggesting
that there are no diurnal variationst2.

The concentration of IL-6 is usually
strongly correlated with the concentration of
CRP7. Weinhold et al.18 reported that lipo-
polysaccharideinjectionin IL-6 knocked-out
mice slightly increased the CRP concentra-
tion, while increases in CRP levels were
much larger in IL-6+/+ mice. It has been
suggested that I1L-6 aloneis not sufficient to
induce an increase in CRP concentrationsin
mice, and additional factors, such asIL-1f,
oncostatin M or leukemia inhibition factor,
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are also required. In humans, the CRP concentration is
weakly correlated with the concentrations of IL-1 and
of TNF-al7.

Demographic deter minants of the C-reactive protein
concentration (Table 1)15.16.19-49

Many studies have reported a positive association be-
tween age and CRP concentration19.204250-58, The ex-
tremes are clear when CRP concentrationsin newborns

(~0.1 mg/l)®? are compared to those in subjects older than
85 years (CRP levels > 10 mg/l in 50% of cases)s0.
There are indications that the rel ationship between age
and CRPis different for men and women, since in the
MONICA study for the Augsburg samples there was a
significant interaction between age and sex20.

In women, CRP levels have been reported to be
somewhat higher than in men21.2829, |t should be noted
that fluctuations in CRP and cytokine concentrations
have been reported during the menstrual cycle. This
may cause problems when studying the effects of gen-

Table . Factors associated with C-reactive protein concentration in blood.

Modulator Effect Population
Age Positive Middle-aged subjects from the genera population®-24, offspring of patients
with M125, male survivors of M126
NS Elderly men2?
Sex Higher in women Children28, middle-aged subjects from the general population??, elderly2®
NS Offspring of patients with M125
Race Higher in non-Hispanic Subjects from the general popul ation30
black than in white
Smoking Positive Elderly men27, middle-aged subjects from the general population20.21,2431,
elderly?9, male survivors of M126
NS Healthy, middle-aged subjects?2, middle-aged subjects from the general
population23, children?8, effect of smoking cessation32
Obesity (BMI) Positive (explained = 30% Middle-aged subjects from the general population20-24, children?s,

of variation of CRP)

offspring of patients with M125, elderly29, healthy, middle-aged women33

Coffee consumption Positive (expected) Interaction with cytokines in hepatocytes34
Alcohol consumption Negative (moderate) Middle-aged subjects from the general population20
Seasona variation Winter peak Persons over 75 years!S, healthy subjectslé

NS Frohlich (insensitive assay)35
Psychological stress NS Healthy subjects36
Endurance training Lowering of baselineincrease Healthy individual s37

Healthy elderly subjects38

“Acute” increase 16 hours after marathon39

Physical performance Slightly negative Elderly40

Lipids

Healthy, middle-aged women?22.33, middle-aged subjects from the general
popul ation20,24

Malesurvivors of M126, middle-aged subjects from the general population?4,
patients with angina pectoris*

Male survivors of M126, middle-aged subjects from the general population24
Middle-aged subjects from the general population20

Male survivors of M|21.23.26

Healthy, middle-aged women33, middle-aged subjects from

the general population?2

Middle-aged subjects from the general population?, healthy, middle-aged
women33

Middle-aged subjects from the general population?342, male survivors of

Random sample general population?3:44, patients with periodontitis vs
healthy controls#5:46

Children28, UAP patients?2:47

UAP patients*’, middle-aged subjects from the general population22.24
Dialysis patients*8

UAP patients*’, middle-aged subjects from the general population?2
Cardiovascular patients?®

Total cholesterol NS
Triglycerides Positive*
HDL-cholesterol Negative*
Blood pressure Positive
SBP Positive
DBP Positive, but weaker
than SBP
Insulin resistance/diabetes Positive
M |26
Periodontal disease Positive
Helicobacter pylori NS
Chlamydiapneumoniae NS
Positive
Cytomegalovirus NS
Total pathogen burden Positive
Chronic bronchitis Positive

Middle-aged subjects from the general population24

BMI = body massindex; CRP = C-reactive protein; DBP = diastolic blood pressure; M| = myocardial infarction; NS = non significant;
SBP = systolic blood pressure; UAP = unstable angina pectoris. * association present when adjusted only for age; disappeared when ad-

justed for age + BMI33,
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deré1.62, Studies in transgenic CRP mice suggested that
testosterone stimulates CRP expression because ob-
served concentrations were higher in the malesthan in
the females’3. However, in humans a direct effect is
not expected, since testosterone administration to trans-
sexua ex-women did not increase the CRP concentra-
tion (KooistraT., personal communication).

The CRP concentration is known to be higher inin-
dividualswho smokes1.50.57.64-67, However, the underlying
mechanism ismost likely an indirect consequence of the
tissue-damaging effects of smoking and the smoker’sin-
creased susceptibility to respiratory infection. Because
it will take sometime for the tissue damage to disappear,
it can be expected that the CRP concentration does not
decrease after cessation of smoking, asindeed observed
by Crook et al.32.

Obesity is associated with an increased CRP con-
centration, presumably because adiposetissueisanim-
portant site of synthesis of 1L-6 which is the main de-
terminant of CRP gene expressi on22.33,65,68,69,

The concentration of CRPislower in case of intense
physical activity or of regular physical exercise37.40,
Notably, Schuit et al .38 observed an increasein CRP con-
centrationsin healthy elderly subjects who participated
in along-term exercise program. After severe exercise,
for example running amarathon, the CRP concentration
isincreased because strenuous exercise induces an acute
phase reactions®. Thislast observation may explain the
discrepancy seen in the studies on regular physical ex-
ercise because the contrasting effects of exerciseonin-
sulin resistance may add up to any net effect, and the bal-
ance may depend on the subjects and the study design.

A relationship between blood pressure and the con-
centration of CRP has been reported20. This association
is stronger for systolic than for diastolic blood pres-
sure21-23,26,33,

The concentration of CRP has also been correlated
to that of lipids (e.g. triglycerides). A negative rela
tionship with HDL cholesterol levels has been ob-
servedz6.41,

C-reactive protein and immunology

Itisknown that CRPis able to activate the comple-
ment cascade®-73, and it has also been suggested that ac-
tivated complement factors (e.g. C5a) are ableto induce
CRP synthesis’.

Genetic factors affecting the C-reactive protein
concentration

Recently, polymorphism in exon 2 of the CRP gene
has been described, but no association with CRP con-
centration or regulation is known?s.

Since CRPis regulated by the cytokine concentra-
tion, genetic variations that influence the regulation of
these cytokines may also be expected to affect the CRP
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concentration. For example, polymorphism in the pro-
moter region of the IL-6 gene is associated with differ-
encesin the control of IL-6 expression?s. It is expected
that the increase in the levels of CRP after an acute
phase stimulusis greater in individuals with the -174G
dlele than in those with the rare -174C allele. Poly-
morphism has also been described for other cytokines
and again, it is expected to have an effect on the regu-
lation of acute phase proteins, such as CRP. Offspring
of patientswith cardiovascular disease have higher CRP
levels. Thismay be dueto pleiotropic genetic effects, but
itisalso possible that genetic factors directly related to
CRP contribute2s.

Dietary factor s affecting the C-reactive protein
concentration (Table 1)15.16.19-49

Caffeine potentiates the induction of CRP by cy-
tokinesin human hepatomacell lines®. It has not yet been
studied whether caffeine exertsasimilar effect in vivo.

Antioxidants, whether given in capsules or as dietary
components, are expected to lower CRP concentrations
because they lower the levels of oxidized LDL and
thereby improve the inflammatory state. Indeed, in the
VERA study?, vitamin C and 3-carotene lowered CRP
levels but vitamin E had no effect. Devargj and Jialal 8
administered o-tocopherol to healthy volunteers and
to patients with type Il diabetes. CRP levels were de-
creased in both groups. This study was not placebo-con-
trolled, but after awash-out period the concentration had
increased to the pre-treatment values. In cross-section-
a studies, no relationship was observed between intake
of anti-inflammatory food supplements and the CRP con-
centration?7.29, Consumption, by smoking volunteers, of
green and black teawhich arerich in flavenoids, had no
effect on the concentration of CRPL7.

Consumption of fish oil has been suggested to low-
er plasmafibrinogen levels. Thisis not likely to occur
through an effect on inflammation because CRP con-
centrations were not changed in healthy volunteers?®.

It would be expected that weight reduction would re-
sult in lower CRP concentrations because there will be
less adipocytes, but no studies on the effect of diet for
weight reduction on the CRP concentration have been
published.

Subjects who report amoderate consumption of al-
cohol have alower CRP concentration than those who
claim no or high alcohol consumption20. Moderate al-
cohol consumption for 3 weeks results in a 35% re-
duction of the CRP concentration in healthy, middle-aged
subjects (SierksmaA., personal communication).

Drugs affecting the C-reactive protein
concentration (Table 11)17,52,78,80-96

It is expected that anti-inflammatory drugs have an
effect on the concentration of CRP. It has indeed been
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Table 1. Effects of drugs on C-reactive protein concentration.

Drug Effect Treated group References
Lipid-lowering drugs
Atorvastatin Decrease Stable angina pectoris 80
Decrease Hypercholesterolemic 81
Simvastatin Decrease Stable angina pectoris 80
Decrease Hypercholesterolemic 81,82
Pravastatin Decrease Survivors M| (CARE) 83
Acipimox No effect Hypercholesterolemic 82
Estrogen (oral contraceptives) Increase Young women 84-87
Estrogen (HRT)
Estrogen Increase Healthy, postmenopausal women 52,88-90
No effect Postmenopausal women with CAD 91
Estrogen + progesterone Increase Healthy, postmenopausal women 52,88,89,92
Raloxifene No effect Healthy, postmenopausal women 90
Tamoxifen Decrease Healthy women 93
Antioxidants
Tea No effect Healthy smokers 17
a-tocopherol No effect Healthy volunteers and patients with NIDDM 78
Decrease Patients with NIDDM 94
NSAID
Aspirin No effect Healthy men 95
Decrease Patients with SAP 96

CAD = coronary artery disease; HRT = hormone replacement therapy; MI = myocardia infarction; NIDDM = non-insulin-dependent
diabetes mellitus;, NSAID = non-steroidal anti-inflammatory drugs, SAP = stable angina pectoris.

shown that non-steroidal anti-inflammatory drugs
(NSAID), such asaspirin and ibuprofen, reduce oxida
tive stress¥7. No effect of aspirin on CRP was observed
by Feng et al.% in healthy volunteers, but Ikonomidis et
al.% observed adecrease of CRPin patients with stable
angina pectoris who were treated for 6 weeks with 300
mg/day aspirin. These patients had higher CRP con-
centrations than healthy volunteers which suggests that
aspirin treatment normalizes the increased CRP levels.
It has not yet been published whether ibuprofen or oth-
er NSAID have an effect on the CRP concentration.

Aspirin also has a platelet-aggregation inhibiting
effect and it has been suggested that CRPlevelsare low-
ered through this mechanism®8.9, Against this hypoth-
esis is the observation that ticlopidine, a platelet-ag-
gregation inhibiting drug, has no effect on CRP levels
in healthy volunteers and in patients with stable angi-
na pectoristoo,

HMG-CoA reductase inhibitors have afavorable ef-
fect on cardiovascular risk, and thisis partly dueto their
pleiotropic effects that are independent of those exerted
on lipids. An effect on inflammation, and thus on CRP,
has been suggested. Indeed, adecreasein CRP levelsto
normal basal concentrationsis observed in patients who
weretrested with these drugs2.8387.101-103, Fiprates, another
type of lipid-lowering drug, have no effect on CRP al-
though they decrease the plasmafibrinogen level s104.105,

Drugs of another type that affect the CRP concen-
tration are hormone-containing drugs. Several studies
have reported an increase in CRPlevels during hormone
replacement therapys2.88.92,106, Even oral contraceptive
use results in increased CRP level $34-85,
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C-reactive protein and chronic disease

The CRP concentration is associated with cardiovas-
cular disease and with other inflammeatory diseases, such
asrheumatoid arthritis. Also, several components of the
insulin-resistance syndrome, such as obesity and in-
creased blood pressure, are associated with atered CRP
values, a relationship we were the first to suggest in
1997107 and which has since been confirmed by several
other groups?2.3387.108,109, A|sp, patients with insulin-de-
pendent diabetes mellitus have increased CRPlevelsio.111,

Periodontal diseaseinfluences one' swellbeing. Indeed
higher CRP concentrations have been observed in patients
with periodontitis versus healthy control %546, Besides, in
a random sample of the genera population the peri-
odontal health status was associated with the CRP con-
centration4344,

Increased titers of Chlamydia pneumoniae, Heli-
cobacter pylori and Cytomegalovirus have also been
suggested as the link between inflammation and cardio-
vascular disease. Indeed, Zhu et a .49 observed an asso-
ciation between the total pathogen burden and the con-
centration of CRPin patientswith cardiovascular disease.
However, no association was observed between thetiters
of each of these pathogens and CRP2247, |t has been re-
ported that the CRP concentration was lower in viral
than in bacterial infectionstt2113, but Heiskanen-Kosma
and Korppi14 could not confirm thisin children with pneu-
moniaof viral or bacteria origin.
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