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Abstract

C reactive protein (CRP) values in blood are a good indicator of the likelihood of acute coronary and cerebral events in both healthy
subjects and patients with coronary artery disease. This indicates that atherosclerotic lesions rich in inflammatory cells and cytokines are
more likely to produce acute events either through vasospasm and/or thrombosis and also can be readily detected through elevations in CRP
when measured using a high sensitivity assay (hsCRP). However the arterial wall is only one potential source of cytokines which induce
CRP production. Fat cells also produce cytokines, in particular IL-6 which induces the synthesis of CRP by the liver. Obesity, especially
abdominal obesity, is associated with elevations of hsCRP. This may be of pathogenic significance as CRP stimulates the uptake of LDL
by macrophages, induces complement activation which may cause cellular damage in the artery, and enhances monocyte production of tissue
factor, thus enhancing the risk of thrombosis. Caloric restriction and weight loss lowers IL-6 and CRP levels and may beneficially suppress
an immune response. Whether particular dietary macronutrients or micronutrients alter IL-6 or CRP is unknown but this issue is clearly
becoming more important. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

C-Reactive protein (CRP) is an acute phase reactant
expressed principally by the liver. In healthy, lean individ-
uals CRP circulates at low concentrations in plasma (�3
mg/L). These levels rise dramatically in response to injury,
infection and inflammation [1], in response to bacterial
lipopolysaccarides (LPS), interleukin-1 � (IL-1 �), interleu-
kin-6 (IL-6), oncostatin M and leukemia inhibitory factor
(LIF) [2]. Slightly increased CRP concentrations, detected
with high sensitivity kits, but still within what has tradition-
ally been regarded as the normal range (1–10 mg/L) may
reflect chronic low-grade inflammation.

2. CRP and cardiac events

There is a growing body of evidence that local and
perhaps systemic inflammation is involved in the initiation

and progression of atherosclerosis [3]. Therefore, measuring
inflammatory markers such as CRP may increase the ability
to predict thrombotic events which tend to occur in unstable
plaques rich in monocytes, T lymphocytes and lipids. In
1990, Berk et al. [4] first demonstrated markedly elevated
CRP levels (22 mg/L) in patients with unstable angina ( the
pathology of which is a state of transient but recurrent
thromboses and/or vasospasm) in comparison with patients
with either non-ischemic heart disease or stable angina.
Liuzzo et al. [5] showed that elevated CRP (�3 mg/L)
would predict subsequent events in patients with severe
unstable angina. CRP was associated with increased risk of
a subsequent myocardial event (within 2 years) in a large
multi-center trial conducted in patients with angina [6].
Since then, numerous studies have observed increased lev-
els of CRP (but still in the normal range) and other inflam-
matory markers in apparently healthy subjects who then
develop acute vascular events [7]. Ridker et al. [8] investi-
gated the baseline CRP levels in 543 men who subsequently
went on to develop venous thrombosis, stroke or myocardial
infarction and 543 controls who did not in the Physicians
Health Study. CRP was higher in the group who had a
subsequent myocardial infarction (1.51 vs. 1.13 mg/L), or
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stroke (1.38 vs. 1.13 mg/L) independently of smoking. Onat
et al. [9] observed a 4.2 fold increased risk of prevalent
coronary heart disease (as assessed clinically and by ECG)
in the highest quartile of CRP as compared to the lowest
quartile after adjustment for waist circumference, total cho-
lesterol, fibrinogen, physical activity (all of which were
associated with CRP levels) and systolic blood pressure in a
Turkish population with a low plasma cholesterol. This
suggests that CRP serves as a marker for either an enhanced
thrombotic risk or a stage of atherosclerosis more likely lead
to acute thrombotic events as opposed to prevalent early
atherosclerosis (as assessed by carotid intima-media thick-
ness) [10] or calcified lesions [11]. IL-6, which promotes
the synthesis of CRP, is abundantly expressed in advanced/
complicated human atherosclerotic lesions [12]. Moreover
both statin therapy and aspirin are more effective in subjects
with high CRP levels, regardless of lipid levels [8,13,14].
Pravastatin [15,16] and lovastatin [14] lower CRP by about
15% and the CRP-lowering is unrelated to lipid lowering.
Simvastatin inhibits atherosclerosis in mice without altering
lipid levels and also has anti-inflammatory activity similar
to indomethacin [17]. Statins have anti-inflammatory action
in blood vessels in the rat when NO synthesis is chronically
inhibited by L-NAME [18].

3. CRP—A proatherogenic, prothrombotic molecule?

While CRP reflects an ongoing inflammatory response in
atherosclerotic vessels, it is unclear if CRP itself contributes
to the progression of atherosclerosis, plaque vulnerability
and thrombosis. CRP [19] and activated complement [20]
are found in atherosclerotic plaques. Some support for the
hypothesis that CRP is pro-atherogenic is evidence that
CRP binds to LDL and promotes its uptake by macrophages
via the CD32 receptor [21]. CRP may mediate tissue dam-
age through activation of the complement system by bind-
ing to modified LDL with exposed phosphorylcholine [22].
Activated complement, enzymatically modified LDL and
CRP can be found in close proximity to each other in the
deep intima of early atherosclerotic coronary artery lesions.
Uptake of enzymatically modified LDL by macrophages
also releases IL-6 thus providing a potential forward feed-
back loop to increase liver production of CRP and enhance
local complement activation. [23]. Endothelial cell adhesion
molecule expression (ICAM-1, VCAM-1 and E- selectin)
can be enhanced 10 fold by 10 mg/L CRP in the presence of
serum [24]. CRP also stimulates peripheral monocytes to
produce tissue factor, a potent stimulus for thrombosis [25].
CRP in the normal concentration range enhanced tissue
factor production 4–6 fold and had interactive effects with
gamma interferon and lipopolysaccharide. Increasing age
and the menopausal state enhanced tissue factor production
while hormone replacement therapy diminished it [26]. The
production of CRP is non-specific and is elevated by smok-
ing, bacterial and viral infections and tissue damage [1,27]

and CRP may explain why patients with inflammatory con-
ditions such as rheumatoid arthritis may have higher rates of
acute coronary events [28] and why chlamydia and helico-
bacter infections and gingivitis have been associated with
coronary artery disease [29].

4. CRP and obesity

CRP is also elevated in obesity. BMI and CRP have been
correlated in young adults (n � 16,000) [30], middle aged
men (n � 303) [31] and elderly men and women (n � 5201)
from the Cardiovascular Health Study [32]. Cook et al. [33]
investigated the association between obesity and CRP in
children aged 10 and 11 years. In this study they observed
that CRP was 270% higher in the top quintile for ponderal
index (weight/height3) as compared to subjects in the bot-
tom quintile. CRP is associated with waist circumference in
some studies [34–36] and this association often persists
after adjustment for BMI [30]. Recently, the association
between CRP and visceral fat as assessed by CT scan was
investigated in 159 middle-aged men with a wide variation
in adiposity [37]. In this study, a strong correlation was
observed between CRP and total fat mass and visceral fat
mass. However, subjects with an elevated fat mass but
normal waist girth did not have significantly raised CRP
concentrations. On the other hand, when both conditions
were present CRP was significantly elevated above base-
line. Forouhi et al. [38] investigated the associations be-
tween body fat distribution (as assessed by DEXA and CT
scan) and CRP in 113 South Asian and European subjects.
Visceral fat was the strongest correlate of CRP, while fast-
ing and 2h insulin and HDL concentrations were correlated
with CRP but not after adjustment for visceral fat.

5. CRP and IL-6

The reason for increased production of CRP in obesity is
most likely due to IL-6. Il-6 is a cytokine that activates the
production of CRP from the liver and CRP levels are a
direct indicator of IL-6 levels in vivo [39]. Approximately
25–30% of serum IL-6 originates from adipose tissue and
the secretion of IL-6 from subcutaneous fat is in proportion
to fat mass [40]. Although obesity increases CRP levels and
may increase coronary risk partly through CRP, CRP is
associated with the risk of cardiac events independently of
BMI. Omental fat cells secrete approximately 2–3 times
more IL-6 as compared to subcutaneous adipocytes [41].
Therefore subjects with more abdominal fat may have in-
creased IL-6 and CRP, which could partially account for
increased mortality rates in abdominally obese subjects if
IL-6 or CRP contributed to disease promotion. Recombi-
nant IL-6 treatment increased lesion size in C57Bl/6 and
ApoE-deficient mice 1.9- to 5.1-fold over lesions in saline-
treated animals [42]. IL-6 is also abundantly expressed in
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advanced human atherosclerotic lesions [12] suggesting
IL-6 directly or via CRP has a role in lesion development.
IL-6 injections in mice enhance macrophage degradation of
oxidized LDL [43] and increase macrophage CD36 mRNA
(the receptor through which oxidized LDL is taken up) but
do not cause a rise in CRP.

6. CRP gene regulation and IL-6

The CRP gene is also regulated independently of IL-6.
Mice transgenic for human CRP with IL-6 knocked out do
not respond to LPS whereas the IL-6 competent mouse does
but injection of IL-6 in the knockout does not cause an
increase in CRP, suggesting other factors are also required.
IL-1�, oncostatin M and LIF cause an increase in CRP on
both genetic backgrounds [2]. Complement activation prod-
ucts also act in concert with IL-6 and IL-1 to induce CRP
[44]. Interestingly in mice testosterone is required for con-
stitutive expression of CRP and for a response to IL-6 [45].
In humans treated with statins CRP is reduced without a
change in IL-6 [46].

7. CRP and insulin resistance

Acute, severe inflammation such as sepsis and tissue
necrosis can provoke marked insulin resistance [47] and this

has been suggested to be an adaptive response [48]. Normal
range levels of CRP have also been associated with features
of the insulin resistance syndrome as assessed by waist
girth, fasting glucose, hyperinsulinemia, insulin sensitivity,
triglyceride and low HDL cholesterol [34,36]. Hak et al.
[34] observed that after controlling for BMI these associa-
tions were lost while Yudkin et al. [36] observed that ad-
justing for all measures of obesity did not alter the relation-
ships between CRP and insulin sensitivity (as assessed by
HOMA). Festa et al. [35] also observed that CRP was
independently related to insulin sensitivity as assessed by
the frequently sampled intravenous glucose tolerance test in
1008 subjects (33% with IGT). These observations suggest
that mild inflammation or elevated CRP itself contribute to
insulin resistance although it is not clear how the latter
would occur mechanistically.

Pradhan et al. [49] examined the association between
CRP, IL-6 and type 2 diabetes prevalence. In this study,
which was a part of the ongoing women’s health study
initiated in 1992, 188 apparently healthy women developed
type 2 diabetes. These cases were matched by age to 362
disease-free controls. The case group had significantly
higher CRP (and IL-6) as compared to the controls. These
associations remained after adjustment for BMI, family
history of diabetes, smoking, exercise, and HRT with a
relative risk of 4.2 when comparing highest to lowest quar-
tile. Similar results were obtained when analyses were lim-

Fig. 1. Connections between cytokines, fat, liver and the artery wall.
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ited to women with a baseline HbA1C of �6% and after
adjusting for fasting insulin. The latter observation suggests
that it is not just the insulin resistance of inflammation that
contributes to the risk of developing diabetes. Concordant
results were also observed in the Cardiovascular Health
Study in adults �65 years [50], although in Pima Indians
IL-6 levels do not appear to be related to insulin secretion
although they are related to insulin action [51].

Women may also have higher concentrations of CRP
than men [52], probably because of a greater amount of fat,
although this has not been observed in all populations [9].
Girls at the age of 10 have higher CRP than boys [33]. The
implications of high CRP in women are unclear as their risk
of coronary artery disease is lower than men up to the age
of 70 years. Women using hormone replacement therapy
(HRT) have a higher concentration of CRP as compared to
post-menopausal women not using HRT [53–54] after ad-
justment for BMI and strong correlations were observed
between CRP and weight, BMI, visceral fat and subcutane-
ous fat in both HRT and non-HRT users. CRP enhances
tissue factor production which in combination with an HRT
induced fall in the concentrations of tissue factor pathway
inhibitor would be expected to enhance thrombotic risk
[55]. HRT has been shown to cause acute thrombotic events
in women with pre-existing heart disease [56].

8. Weight loss, diet and CRP

Weight loss reduces many risk factors for CVD and
retards lesion growth [57]. Insulin sensitivity is improved
and triglyceride, total cholesterol and LDL cholesterol con-
centrations are reduced while HDL-C is elevated after the
reestablishment of caloric balance. In a recent study per-
formed by our laboratory in 83 healthy obese women, CRP
concentrations were reduced by 26% following 12 weeks of
energy restriction and loss of 7.9 kg and were related to
changes in body weight [58]. It would be interesting to
determine if this reduction was apparent following an en-
ergy balance phase and whether macronutrient composition
of the weight loss diet influences CRP changes. Tchernof et
al [59] demonstrated a 32% fall in CRP values in 25 obese
postmenopausal women who lost 15.6% of their body
weight. CRP changes were correlated with changes in body
weight and fat mass.

Plasma TNF-� and IL-6 are produced by adipocytes and
are elevated in obese subjects [60,61]. TNF-� also induces
IL-6 production [62,63] which in turn regulates the produc-
tion of CRP in the liver. Therefore, as TNF-� and IL-6 [61]
production is reduced by weight loss, one would expect
CRP to be reduced as well. There is also some evidence that
caloric restriction alone damps down the inflammatory re-
sponse in rat myocardium to ischemic and reperfusion dam-
age by reducing the DNA binding affinity of NF-kappaB
which modulates the production of the cytokines IL-1� and
TNF-� [64]. Short term 3 week feed restriction of about

25% decreased serum TNF-� and TNF-� and IL-6 mRNA
in pulmonary nodes 2 weeks after pulmonary antigen pre-
sentation in rats [65]. The reduced inflammatory response
may account for some of the enhanced longevity in calori-
cally restricted rats [66]. Subtotal fasting for 7 days in
patients with active rheumatoid arthritis reduced serum IL-6
by 37% and lowers CRP, and the fall in IL-6 was related to
clinical improvement. A ketogenic diet (�40 g/day of car-
bohydrate) did not reduce inflammatory markers or improve
symptoms [67].

9. Does IL-6 have a local role in adipocytes?

IL-6 (like TNF-�, IL-1 and LIF) inhibits the differenti-
ation of 3T3-L1 into mature adipocytes suggesting that it
may function locally as an adipostat. These effects are
overcome by troglitazone [68] which clinically induces fat
gain. Further evidence of a potential role as an adipostat
comes from its inhibition of heparin releasable lipoprotein
lipase although it is much weaker than TNF-� or LIF [69].
Dexamethasone reduces [41] and � agonists [70] increase
the production of IL-6 from adipocytes. Thus some drugs
which might have a beneficial effect on inflammation or
insulin resistance by reducing or opposing the actions of
IL-6 and CRP may induce fat gain as a side effect.

10. Conclusion

CRP is a moderately good predictor of acute vascular
events probably because atherosclerotic arteries with an
inflammatory infiltrate are more likely to induce acute
events and express abundant IL-6 which stimulates CRP
production in the liver.

It is possible but not proven that IL-6 and CRP may
enhance atherosclerosis by stimulating uptake of LDL by
macrophages, and inducing complement activation and
CRP may enhance thrombosis by stimulating tissue factor
production. Obesity and insulin resistance are associated
with elevated IL-6 and CRP, and caloric restriction and
weight loss lowers IL-6 and CRP and possibly may damp
down inflammation and reduce acute events.
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