
C-Reactive Protein and Cardiovascular Risk: 

The Eyes of the Hippopotamus 

Internal Medicine Grand Rounds 

Parkland Memorial Hospital 

July 6, 2000 

RobertS. Munford, M.D. 

Robert S. Munford, M.D. has no financial interests or other relationships with commercial concerns related directly 
or indirectly to this program. Dr. Munford will be discussing "off-label" uses in his presentation. 



Dr. Munford is Professor of Internal Medicine and Microbiology and holder of the Jan and Henri Bromberg Chair in 
Internal Medicine. His interests include bacterial endotoxin, host defenses vs. bacterial infection, sepsis, and 
physiologically-responsive gene therapy for inflammatory diseases. 

Thanks to Dr. J. Tsai for her excellent resident's conference on this subject earlier this year (1 ). 

2 



Tillett and Francis discovered C-reactive protein (CRP) at the Rockefeller Institute in 1930. Students of 
pneumococcal disease, they found that a protein in serum bound to the pneumococcal "C" polysaccharide. 
Avery and others subsequently found that serum concentrations of the protein rose dramatically during acute 
illness. CRP was purified and crystallized by McCarty (1954) and its amino acid sequence was determined by 
Gotschlich and Liu (1978). 

Following an acute stimulus, serum concentrations of CRP increase rapidly, peaking 24- 72 hours later. 
The plasma half-life of CRP (19 hrs) is independent of the plasma concentration and seems to be constant in all 
conditions (2). So the major determinant of the plasma concentration is the rate at which CRP is produced and 
released into the circulation. 

CRP has been known to clinicians for decades as a sensitive indicator of illness. It has competed with 
the erythrocyte sedimentation rate for purposes such as distinguishing "sick" from "not sick," discriminating 
bacterial from viral infections, gauging response to therapy for osteomyelitis, etc. A rejuvenation of interest in 
CRP was triggered by several recent studies that point to a role for this protein in cardiovascular disease. 

My original goal for this Grand Rounds was to evaluate the recently published data on the use of C
reactive protein (CRP) to predict risk of cardiovascular disease. As I ventured deeper and deeper into the 
literature, however, a broader scenario came into view. CRP is an easily measured marker for tthe Acute Phase 
Response (APR), a highly conserved reaction to injury, infection, and other stresses. Remarkably, most of the 
known risk factors for atherosclerosis are also acute phase proteins. What could trigger the APR in seemingly 
healthy adults? Most of the evidence pointed to interleukin-6 as the dominant stimulus. So what elevates IL-6 
levels in the blood? Numerous acquired influences (obesity, smoking, chronic infection, stress) all seem to trigger 
IL-6 release, and there are genetic factors as well. The outcome of my literature search is a web of causality, 
with IL-6 (+/-TN F-a) at its center, that seems to provide plausible links between [local inflammation, injury, 
obesity, smoking, age] and [dyslipidemia, atherosclerosis, and metabolic syndrome X]. The possible implications 
of these links encompass much of modern internal medicine. 

CRP and the risk of atherosclerotic cardiovascular disease 

There have been 3 kinds of studies: 
• Studies in patients with myocardial infarction. Risk of infarct extension, death. 
• Studies in patients with angina. Short-term risk of Ml, unrelenting angina, death. 
• Population-based studies in healthy adults. Long-term risk of Ml, stroke, peripheral vascular disease. 

Studies in patients with myocardial infarction (3-8) 
Myocardial infarction, like other kinds of tissue necrosis, provokes 

systemic responses that can include fever and leukocytosis in addition to acute 
phase protein synthesis. Serum CRP levels increase exponentially, with a 
doubling time of -8.2 hours, then decay with a half-life of 19 hrs (2)(Figure). . 
Post-MI CRP levels can reach well over 100 mg/L. The time to peak CRP level 
is variable; intervals of 50 - 1 00 hours after infarction are typical. Given the 
apparent relationship between serum CRP concentration and the extent of 
myocardial injury (LDH (2), CK-MB (4,9), troponin I, hydroxybutyrate 
dehydrogenase) (7)), it's not surprising that very high CRP levels identify 
patients with lower ejection fraction (7, 1 0) or post-MI complications (4). There 
is also interesting evidence that CRP may exacerbate myocardial damage by 
binding to infarcted myocardium and activating complement (11, 12). 

Studies in patients with angina (1 0, 13-25) 
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The technological innovation that allowed these studies was the development of "high sensitivity" assays 
for CRP- assays that can measure CRP levels well below the previous detection limit, 10 mg/L. The assays are 
highly reproducible yet the CRP levels in a given individual can fluctuate over time (see Figure below, panel B). 
Most laboratories use an international (WHO) CRP standard. 

It is also important to note that CRP levels in humans are not normally distributed (panel A at right). In 
many studies, the individual results are normalized (log) so that the values will be normally distributed (bell
shaped curve). Most population-based studies have divided the population into tertiles, quartiles, or quintiles - it 
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usually isn't obvious why a particular 
division was chosen. Using the 
Dade/Behring rate nephelometric method, 
the 501

h percentile values for adult men 
and women blood donors are 0.7 and 0.9, 
respectively; the 751

h percentile values are 
1.4 and 3.1, respectively (26). 

In this Grand Rounds, CRP levels 
will be stated in milligrams/liter (mg/L), in 
keeping with the improvement in assay 
sensitivity. 

Several lines of evidence now 
suggest that inflammation within coronary 
arteries is an important component of 
unstable angina (27,28). When compared 
to patients with stable or atypical angina, 
those with unstable angina have increased 
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expression of adhesion molecules on neutrophils and monocytes collected from coronary sinus blood (29) and 
greater tissue factor expression on circulating monocytes (30). Using a thermistor probe to measure the 
temperature of the vessel wall as close as possible to the offending intracoronary lesion, Stefanadis et al. found 
that the gradient [vessel wall temperature - oral temperature] was elevated in patients with unstable angina or 
myocardial infarction, and that this gradient also correlated well with blood CRP and SAA levels (31 ). 

In patients admitted to intensive care units with unstable angina (and, by definition, no evidence for 
ongoing infarction) , several groups have reported that admission CRP levels correlate positively with risk of 
subsequent cardiac events (MI, unrelenting angina 
requiring revascularization, death)(5, 10, 16-18,22). 
Other groups have not found such associations, 
however (20,21 ); the basis for this difference is not 
clear. In the studies that found an association 
between admission CRP and subsequent adverse 
events, the "cut-off" for high CRP level ranged 
from 3 to 1 0 mg/L. In a study of patients who had 
experienced a myocardial infarction within the 
preceding 3 - 20 months, a CRP level of >6.6 
mg/L was associated with almost 2-fold increase in 
subsequent Ml, relative to the risk associated with 
CRP <1.2 mg/L (32). 

Myocardial ischemia per se does not 
elevate CRP levels, in keeping with the notion that 
in patients with unstable angina the inflammation 
is in the vessel wall, not in the myocardium (19). 

Population-based studies in healthy adults (33-43). 
I reviewed 9 published studies. Almost all 

were retrospective analyses of data that had been 
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collected for other reasons. In these studies, CRP was measured only at baseline; follow-up lasted as long as 17 
years. A meta-analysis of prospective studies performed prior to 1998 concluded that "comparison of individuals 
with CRP values in the top third with those in the bottom third at baseline yielded a combined risk ratio for CHD of 
1.7 (95% Cl, 1.4-2.1 )(44) . The estimated mean CRP values in these two groups are 2.4 and 1.0 mg/L, 
respectively. In most of the studies, CRP remained a strong predictor of subsequent cardiac events even when 
total cholesterol and HDL cholesterol were taken into account. All of the studies adjusted for smoking and lipids 
and some also adjusted for fibrinogen and other variables. The recently published analysis of CRP and other 
markers in predicting CAD in postmenopausal women (Figure below) suggests that CRP (or SAA) measurement 
may provide prognostic information in addition to that obtained from total cholesterol levels (40). The "low" 

4 



cholesterol group in this study had LDL 
cholesterol levels below 130 mg/L, and a mean 
LDL cholesterol of 1 04 mg/dl. 

Although high-normal CRP levels have 
also been predictive of stroke 
(14,35,37,45)7060(46) they have not been 
consistently associated with high risk of peripheral 
vascular disease (14,47). 

Studies of associations between serum CRP 
levels and infection with specific microbial agents 
(40,48-53). What triggers the the inflammation 
that elevates CRP levels in otherwise healthy 
individuals? Several groups of investigators 
have tried to establish a link between ongoing 
intravascular) infection and serum CRP levels. 

They have looked for associations between positive serologies (for 
C. pneumoniae, CMV, others), or blood endotoxin levels, and 
serum CRP. These studies have had inconsistent results; some 
have found statistically significant correlations with serum CRP 
levels, while others have not. Reports from two groups suggest 
that the "total burden" of infectious exposures correlates best with 
CRP levels (49,51 ). See Figure at right. 

The other major possibility is that inflammation in non
vascular tissues is the stimulus that raises CRP levels. The lungs 
(especially in smokers), periodontal tissues, and adipose tissue 
(see below) are the leading candidates. 
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Do drugs lower that prevent atherosclerosis also lower CRP? 

1. Aspirin and NSAIDS. Aspirin has both anti-platelet and anti-inflammatory activities. In men 
participating in the Physicians' Health Study, taking aspirin (325 mg qod, Bufferin) was associated with a 
statistically significant reduction in relative risk of myocardial infarction. The reduction was insignificant in the 
lowest quartile of baseline CRP values, 33.4% in the second quartile, 46.3% in the third quartile, and 55.7% in 
the fourth quartile (35). Although this analysis has been criticized for lack of rigor (44), it suggests that at 
least part of the beneficial effect of aspirin may be due to its anti-inflammatory potency. Does aspirin lower 
CRP levels? When it was given to healthy men for 7 days, 81 or 325 mg aspirin did not lower pre-exercise or 
post-exercise CRP levels (54). Similarly, pre-treatment with ibuprofen or indomethacin did not diminish the 
CRP response to an intravenous endotoxin challenge in human volunteers (55). On the other hand, a 3-week 
course of 300 mg/day did reduce IL-6 and CRP levels in men with angina and exercise-induced ischemic 
EKG changes (56). Aspirin thus may decrease CRP levels when it is given for a few weeks; a study with 
longer follow-up is needed. 

2. Statins. The CARE trial of secondary prevention randomized post-MI patients to receive 40 mg/day 
pravastatin or placebo. In a retrospective analysis of this trial, there was an association between high 
baseline levels of CRP (and SAA) and recurrent M.l. The proportion of recurrent coronary events prevented 
by pravastatin was 54% in the subgroup with inflammation (>90th percentile of both CRP and SAA) and 25% 
in the subgroup without inflammation (32). (It's not clear that this subgroup analysis was specified in the 
analytical plan for the study, however.) In another analysis of the CARE data, the same group found that 
median CRP levels tended to increase over 5 years in placebo recipients, whereas median CRP levels 
decreased by 17% in those allocated to pravastatin. At 5 years, the difference in median CRP levels 
(21.6%), mean CRP levels (37.8%) and the absolute mean change in CRP (0.137 mg/dl) between placebo 
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and pravastatin groups were highly sign ificant (57). The differences persisted after stratification by baseline 
lipid levels and other standard risk factors, and there was no obvious relationship between the magnitude of 
change in CAP and the magnitude of change in lipids. A smaller study from Finland also described 
decreases in CAP associated with statin use (58). 

HMG GoA-reductase inhibitors may have numerous putatively anti-atherogen ic effects in addition to their 
cholesterol-lowering action; these include decreasing fibrinogen (and blood/plasma viscosity), decreasing 
tissue factor expression on macrophages, decreasing platelet aggregation and deposition, and increasing 
fibrinolysis (by reducing PAI-1 levels)(59). There seem to be some differences among the various statins on 
the market, however (59); the clinical significance of these differences is uncertain, and they lower CAP to the 
same extent. 

Since both aspirin and statins have multiple actions that may prevent atherosclerotic disease, it is 
obviously impossible to know what portion of their beneficial action is due to inhibiting inflammation. 

Extensive Infarction -
CRP and Cardiovascular Risk Mild Infarction -

The published studies suggest the following 
schema: 

Unstable angina, high risk -

Healthy, high risk -

Healthy, low risk -

• 

• 

• 

Many years before clinically apparent 
cardiovascular disease presents, 
inflammation may occur in coronary and 
peripheral vessels. The inciting stimulus 
is not known; some studies point to an 
important role for infectious agents such 
as C. pneumoniae and/or CMV. 
Inflammation or infection in non-vascular 
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sites can also increase CAP and other acute phase reactants. The preventive efficacy of aspirin 
and statins may be due, in part, to their ability to prevent both local inflammation and acute phase 
responses. 
In some individuals, the intracoronary inflammatory process is particularly active. These 
individuals may be more likely to develop unstable angina. In patients with UA, CAP levels 
correlate rather well with adverse events such as myocardial infarction and death. There is good 
evidence that the inflammatory process in these patients is within the coronary vessels, not in the 
myocardium, since transient myocardial ischemia does not elevate measures of acute 
inflammation. 
Myocardial infarction (necrosis) does trigger inflammation within the damaged tissue; IL-6 is 
produced in myocytes at the viable border zone of the infarct (60) and the blood concentrations 
of IL-6, IL-8, CAP, SAA, and leukocytes increase markedly during the 24-48 hour period after 
infarction (61 ). CRP levels correlate quite well with the extent of myocardial damage and also 
(inversely) with ejection fraction. CRP can bind to cardiac muscle fibers and activate 
complement, possibly contributing to local leukocyte infiltration, further myocardial injury, and 
infarct extension. 

Using CRP blood levels in clinical practice 

I th ink the most persuasive findings are those that associate a low CRP with low risk of developing CAD 
in apparently healthy adults. Similarly, in patients with unstable angina, having both a low CRP and a low 
troponin I level evidently identifies a group that has very low risk of progression to Ml, need for revascularization, 
or death. Perhaps this information can be useful for establishing prognosis, reassuring patients, etc. At the other 
extreme, a high CRP level in a patient with unstable angina or myocardial infarction should heighten one's 
concern for subsequent adverse events; the existing data do not suggest which interventions should be based on 
this finding, however. 

One problem derives from the way the studies have been done: in each study reported to date, the 
definition of a "low" and "high" CRP has been determined by dividing a large population into segments (tertiles, 
quintiles, etc.), using the assay performed in a single lab. Although the "cut-off" value for a high test has not 
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differed markedly from population/lab to population/lab, 
there has also not been impressive uniformity - and a 
cutoff set at 1.5 mg/L would include a lot more patients 
than one set at 3 mg/L. Practicing physicians may have 
difficulty knowing how to interpret the results of CRP 
assays until the range of values in the patient's 
population/lab has been established. Nevertheless, 
"high sensitivity'' CRP measurement is now widely 
available in the U.S. and elsewhere, including the 
Parkland Clinical Chemistry Laboratory, and the assay 
has been approved by the F.D.A. for assessment of 
cardiovascular risk. Suggested guidelines endorsed by 
Dr. I. Jialal, Director of the Parkland lab, are indicated in 
the Table. 

Population distribution of hs-CRP in 
apparently healthy American men and 

women 

Quintile 
Range Risk estimate 
(mg/L) 

1 0.1 - 0.69 Low 

2 0.7 - 1.1 Mild 

3 1.2 - 1.9 Moderate 

4 2.0 - 3.8 High 

5 3.9- 15 Highest 

Although some of the studies suggest that a high CRP (or SAA, or IL-6) level can identify patients at high 
risk of CAD despite normal (or even low) total cholesterol levels, randomized prospective clinical trials are 
required now to determine whether intervention (e.g., with ASA or statin) can reduce both CRP and CAD in such 
individuals. 

Some of the remaining questions: 
• How often (or how many times) should CRP be measured in a healthy adult in order to establish 

his/her risk category? 
• What is the best "cut point" for defining increased CAD risk in different patient populations - for 

each age group, gender, ethnic group, etc.? 
• Does measuring other risk factors (e.g., fibrinogen or von Willebrand factor) increase the ability to 

predict CAD risk sufficiently to warrant measuring these blood levels in addition to CRP? 
• Is a high CRP an indication for aspirin or statin treatment in someone who has low total 

cholesterol? (and what is "low" in th is context?) What if the patient's total cholesteroi/HDL ratio is 
less than 5? 

• Should certain patients be followed with serial CRP measurements to try to anticipate the 
occurrence of myocardial ischemic events? If so, which patients? How often? And what 
therapeutic or prophylactic response should be taken? 

• Should anti-inflammatory therapy be part of the routine management of Ml with elevated CRP? If 
so, with what? 

• What is the value of measuring CRP in patients with known CAD who are already taking a statin 
and/or aspirin? 

The Biological Roles of C-Reactive Protein. 

Why do we have CRP? It is found in invertebrates 
that don't have antibodies or complement, and it has been 
highly conserved through vertebrate evolution. What are 
its functions? 

CRP has five non-covalently-linked subunits. In 
electron micrographs, it has a planar pentagonal 
appearance; it is a member of the pentraxin family, which 
includes serum amyloid P and other proteins. Its 
molecular mass is approximately 118 kDa. Its crystal 
structure was recently reported (62). Its major known 
ligand is phosphocholine. 

Figure (right}: structure of CRP with 5 molecules of Thompson et al ., Structure 7:169, 

bound phosphocholine. 
The CRP gene has been mapped to chromosome 1 q21. A single nucleotide polymorphism with allele 

frequency in Caucasians of 0.11 was recently reported (63). 
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Anti-infective actions: 
Although most work on the anti-infective role of CRP has focused on immunity to S. pneumoniae, CRP is 

also thought to be involved in protecting animals from infection with microbes as diverse as Haemophilus 
influenzae and Leishmania. 

CRP protects mice from lethal pneumococcal infection (64,65). Serum bactericidal activity 
toward Haemophilus influenzae is also mediated by CRP, which binds to a phosphorylcholine moiety on the 
Haemophilus cell surface lipopolysaccharide. Variability in the expression of phosphorylcholine may influence 
the pathogenesis of Haemophi/us influenzae infections (66). Similarly, the LPS of commensal Neisseria is 
substituted with phosphocholine while that of Neisseria meningitidis is not (67). It appears that CRP may restrict 
tissue invasion by these human pathogens, all of which inhabit the oropharynx, to those bacteria that do not 
express LPS-Iinked phosphocholine. The major binding receptor for CRP on leukocytes is Fey receptor IIA (68). 
CRP binding is allele specific: R131 binds with high avidity, H131 does not (69) . (Interestingly, H131 preferentially 
binds lgG2 , the major polysaccharide-binding immunoglobulin. Individuals with the R131 allele are at increased 
risk of invasive meningococcal and pneumococcal disease (70,71), in keeping with the notions that (a) anti
polysaccharide antibodies are less effective at promoting phagocytosis when their high affinity Fe receptor is 
absent, and (b) CRP doesn't provide effective "back-up" opsonization since theinvasive bacteria don't express 
phosphocholine. 

Like some immunoglobulins, CRP can activate complement via the classical pathway (C1 q) and it can 
opsonize particles for phagocytosis. Aggregation of CRP molecules is required for C1q binding (Figure). CRP is 
thought to bind to a surface of eukaryotic only after 
conversion of some of the phospholipids to 
lysophospholipids (black balls} by PLA2. 

Summary: CRP behaves very much like a 
broad-specificity antibody. It has been called an 
"ante" antibody, since it has been found in 
invertebrates that do not make either 
immunoglobulins or complement. It may also be 
considered a "pattern recognition" molecule: its 
"pattern" seems to be determined by the 
configuration of phosphocholine moieties on 
membranes. 

Other APP pattern-recognition molecules 
include mannose-binding protein (which can also 
activate complement) and LPS-binding protein. 

Anti-inflammatory actions (72): 
In keeping with the notion that the acute 

phase response prevents systemic inflammation 
(see below), CRP has several anti-inflammatory 
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actions. Although most of these have been detected in vitro, in vivo evidence for its anti-inflammatory role also 
exists. For example, transgenic mice that express rabbit CRP are protected from the lethal reaction to endotoxin, 
IL-1 ~ + TNF-a., and platelet activating factor (PAF) (73). (CRP binds and neutralizes PAF.) 

In vitro, recent studies have found that CRP stimulates siL-6R shedding from cells (74) . (siL-6R binds IL-
6 and prolongs its half-life in plasma.) CRP also stimulates IL-1 Ra release from monocytes (75,76). Other 
studies have found that CRP increases L-selectin shedding from neutrophils and prevents neutrophil-endothelial 
cell adhesion (77). 

Other anti-inflammatory APPs include IL-1 Ra (78), siL-6R, a.1-acid glycoprotein, and soluble TNF 
receptors. The numerous antiprotease and antioxidant APPs may also be considered anti-inflammatory, since 
they help confine the impact of potentially toxic proteases and oxidants to local sites of inflammation. 

Procoagulant actions 
Recent findings point to IL-6 as the major procoagulant cytokine in humans and chimpanzees (79,80). It 

is thus not very surprising that CRP, which is produced in response to IL-6, is able to increase the expression of 
tissue factor on monocytes (81 ). Other procoagulant APPs include fibrinogen and plasminogen activator inhibitor-
1. Although clotting plays an important role in walling off infection at local sites (animals given anticoagulants 
don't develop abscesses), a protective function of these systemic procoagulant activities is not apparent. 
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Scavenging actions 
Although CRP does not bind to normal cell membranes, it can bind avidly to cells that are undergoing 

apoptosis or necrosis, possibly because it can recognize the lysophosphatidylcholine (lysoPC) that appears on 
the surfaces of dying cells. It then binds and activates complement (C1 q), initiating a local inflammatory reaction 
that attracts neutrophils and monocytes to the scene. CRP also binds nuclear ribonucleoproteins and histones 
(thus, chromatin) under physiological extracellular ionic conditions, suggesting that it may be involved in 
scavenging nuclear antigens (82) and enhancing chromatin clearance from the blood into liver and spleen (83). 

Hack et al. have proposed a model to account for 
the ability of CRP to bind to damaged tissues and 
contribute to tissue recovery (84)(see Figure at right)(85) . 
They note that, when a cell is injured, the lipids in its 
plasma membrane rearrange so that some of the 
phospholipids that normally face the cytosol get "flipped" 
to the outside. They suggest that that secretory 
phospholipase A2 (sPLA2, another acute phase protein) 
can act on the phosphatidylcholine molecules in the outer 
leaflet of the plasma membrane after this flipping has 
occurred. Alternatively, cytosolic phospholipase A2 

(cPLA2) might act on the membrane prior to flipping. 
LysoPC can be bound by CRP, which activates 
complement at the site, attracting phagocytes that remove 
the damaged cells. The complement activation could be 
autocatalytic, since the membrane-perturbing action of C9 
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would cause further phospholipid "flipping", allowing sPLA2 to generate more lysoPC, etc. CAP's ability to bind 
phosphocholine may also prevent autoantibodies from forming to host lipids or the proteins adjacent to them in 
the membrane. 

Serum amyloid protein (SAP) also may play a role in remodeling damaged tissues. It is present 
in human serum (30- 50 mg/L). It shares considerable sequence identity with CRP and, like CRP, it is a 
pentraxin (86) . It undergoes calcium-dependent binding to chromatin and native DNA (87), fibronectin, 
glycosaminoglycans, and C4-binding protein. SAP is also found in amyloid deposits, including those of 
Alzheimer's disease. SAP is not an acute phase protein in humans; in mice, where its concentration 
increases > 1 0-fold during the APR, it is associated with clearance of chromatin from the circulation, shifting 
the distribution of chromatin from the spleen and kidney to the liver (83). SAP knockout mice develop a 
lupus-like syndrome. (It's interesting that human patients with systemic lupus erythematosus typically don't 
produce CRP when their disease is active.) 

Summary: CRP is a dynamic component of the systemic response to infection, injury, and other 
stresses. There is very little evidence that it is pro-inflammatory. Rather, like other APPs (see below), it has anti
infective, procoagulant and anti-inflammatory actions that promote host defense and tissue repair. Its ability to 
stimulate monocyte tissue factor expression could possibly promote atherosclerosis (thrombosis), while its role in 
scavenging chromatin and clearing dead cells could account for its reported ability to exacerbate myocardial 
necrosis. 

CRP: The Eyes of the Hippopotamus 

CRP and SAA are the most dynamic of the acute phase proteins; their concentrations can increase 1000-
fold or more in response to various stimuli. It seems likely that, in addition to whatever direct role CRP may play 
in the pathogenesis of atherosclerosis, it is also a very sensitive marker for the body's systemic responses to local 
inflammation. In the African metaphor, it's the eyes of the hippopotamus - much more of the beast lies below the 
surface. 
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The Acute Phase Response 

The term "acute phase response" (APR) refers to the body's systemic adaptations to injury or infection 
(88). Stimuli that can trigger the APR include bacterial infection, trauma, neoplasms, bone fracture, tissue 
infarction, immunological reactions and diseases, and ch ildbirth. Broadly defined, the APR is regulated by the 
hypothalamic-pituitary-adrenal axis, the sympathetic-adrenomedullary axis, and cytokine-induced changes in 
protein synthesis. Its impact is broad: bone formation decreases, hematopoiesis decreases, nitrogen balance 
becomes negative, etc. In its more common usage, the term "acute phase response" refers to the changes that 
occur in the blood (or intracellular) concentrations of several proteins. These proteins are sometimes called 
"acute phase reactants" or "acute phase proteins" (APPs). The broader definition will be used here. The term 
"acute" is obviously inaccurate when the same systemic responses persist for many years. 

The APR has been conserved from higher invertebrates to humans. It existed before animals had 
evolved immunoglobulins, lymphocytes, or complement. It is thus the most primitive of the known host defense 
mechanisms. Only recently has it become obvious that the body uses many of the same molecules (ACTH, 
cortisol, catecholamines, IL-6, others) to regulate its systemic adaptations to infection, injury, exercise, and other 
stresses. 

APPs. The "positive" APPs are those that become more abundant in the blood during the APR. The 
concentrations of some of these proteins increase as much as 50%, others may increase from 2- to 5-fold, while 
others may increase 1 000-fold or more (see 'Table 1 ). The concentrations of the "negative" APPs decrease; 
most prominent among these is serum albumin, although decreases in transthyretin and apolipoprotein AI can 
also be physiologically important. The following Table is modified slightly from reference (89). 

Increase 
Normal plasma 
concentration Presumed functions by 

(mg/L) 
Ceruloplasmin 150 - 600 Copper transport; oxidant 

Up to 50% Complement C3 800-1700 Opsonizing, bactericidal 
Complement C4 150 - 650 Classical pathway 
Fibrinogen 2000-4500 Procoagulant 
Plasminogen activator Procoagulant 
inhibitor- 1 

Positive Up to 5-fold Haptoglobin 400-1800 Scavenge hemoglobin 
APPs a1-protease inhibitor 2000-4000 Inhibit serine proteases 

a1-antichymotrypsin 300 - 1600 Inhibit serine proteases 
a1-acid glycoprotein 550- 1400 Uncertain (anti-inflammatory) 
Mannose binding protein Microbial pattern recognition; complement 

5- to - 100-
activation 

fold LPS binding protein -5 Microbial pattern recognition; opsonizing_ 
Phospholipase A2 < 0.250 

Uncertain (remodeling damaged 
(secretory) membranes? anti-staphylococcal activity?) 

Over CAP <2 See text 
1000-fold Serum amyloid A < 10 See text 

Albumin 
Negative Transthyretin Thyroid hormone transport 

APPs Transferrin In humans 
Apolipoprotein A HDL constituent 

Other positive APPs: ferritin, other complement components, von Willebrand factor. 
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The Acute Phase Response: presumed functions 

Category Function Mediators Comments 

Recognize invading microbes LBP, MBP, CRP, "Pattern recognition" molecules 
others and/or their receptors 

cortisol, Release marginated PMN; Mobilize leukocytes into the circulation epinephrine; G-
CSF, M-CSF 

stimulate myelopoiesis. 

Prevent non-specific leukocyte-

Anti-infective Target leukocytes to inflamed local sites cortisol, IL-10, endothelial adhesion, so 
epinephrine, CRP neutrophils can home to tissues 

with activated endothelium. 

Kill invading microbes Complement; sPLA2 has anti-staphylococcal 
sPLA2 and anti-streQtococcal activity 

Lactoferrin binds and sequesters 
iron, zinc, iron; metallothionein sequesters 

Prevent microbial growth sequestration; zinc. Many microbes grow more 
fever slowly at supraphysiological 

temperatures. 

Prevent leukocyte-endothelial adhesion to cortisol, 

vessels outside inflamed local sites epinephrine, IL-10, Limit inflammation to local site(s) 
CRP 

Anti- IL-1 Ra, soluble APPs include metallothionein, 
inflammatory Neutralize toxic molecules released from TNF receptors; hemopexin, numerous protease inflamed local sites protease inhibitors, inhibitors, CRP 

anti-oxidants PAF 
Prevent secretion of inflammatory IL-10, a-MSH, "Reprogramming" of leukocyte 
mediators by circulating leukocytes cortisol,? responses to bacterial aQonists 

Wall off injured/inflamed sites Fibrin deposition is required for 
abscess formation and delayed 

fibrinogen; hypersensitivity reactions. 
Procoagulant Promote clotting monocyte tissue Epinephrine has anti-coagulant 

factor expression activity; TNF-a is pro-fibrinolytic. 
Inhibit fibrinolysis PAI-1 tPA is also an acute phase 

reactant. 
Macrophage Phospholipase A2 may assist 

Remove dead cells, debri, intracellular phagocytosis of scavenging function by preparing 

constituents (hemoglobin, chromatin, apoptotic or cell membranes for CRP binding 
Scavenging necrotic cells; CRP (see text) ribonucleoprotein); avoid autoantibody 

or SAP+ formation 
complement; 
haptoglobin 
Mobilize glucose, Energy supply shifts from muscle 

Shift from exogenous to endogenous NEFA, to brain, immune cells. Glucose 

nutrient sources ("our genome is designed triglycerides, availability favored by insulin 
Energy 

to fight against infection with minimal food glutamine; resistance, glycogenolysis, 
redistributing intakes" (Fernandez-Real and Ricart, decrease albumin gluconeogenesis. NEFA 

1999). synthesis. mobilized by increased lipolysis. 
Decreased albumin synthesis 
favors increased APP production. 

Summary: the APR is a highly integrated set of physiological changes that promote effective local immune 
responses, thus preventing the dissemination of microbes within the body, while preventing systemic inflammation 
and the damage it might cause (see drawing on the next page). While the APR was doubtless very important for 
primitive human hunter-gatherers (fight/ flight/ defense vs . microbial invaders), many of its components are 
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probably pro-atherogenic (see below). As it has become possible for humans to live beyond age 40- 50, the 
impact of prolonged, low level APRs has become evident. Indeed, the APR has been invoked to account (in 
part) for the frailty of aging, dementia, and other modern disabilities (90) . 

Regulation of acute phase protein production 
The most prominent stimulus for acute phase protein 
production is a cytokine, interleukin-6 (IL-6). IL-6 is 
made by most cells, which release it when they are 
injured; at least in rodents, [3-adrenergic agonists 
also trigger cells to release IL-6. Since mice that 
lack IL-6 have exaggerated inflammatory responses 
to various stimuli and are unable to control 
inflammation at local sites of infection, this cytokine is 
now thought to have predominantly anti-inflammatory 
or immunomodulatory actions.(72). It is also 
attractive to think of IL-6 as an "SOS" cytokine that 
mobilizes systemic responses to injury or infection: in 
addition to its role in triggering acute phase protein 
production, it is a potent activator of the 
hypothalamic-pituitary-adrenal axis. (This link may 
increase acute phase protein production, since 
moderate concentrations of cortisol are permissive 
for APP production. Higher cortisol concentrations 
are inhibitory. In vivo, endogenous cortisol inhibits 
TN F-a and IL-1 f3 production at lower concentrations 
than are required to inhibit IL-6 (91 ).) Other 
cytokines, particularly IL-1, also play roles in APP 

Injured cells, stress, 
Infection, obesity, etc. 

I Ii_6_/ 
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APP production 

CD130 

e 
+ 

SIGNAL 

Plasma membrane 

/ 

' 

locallnflammaUon attracts 
leukocytes to Infected or Injured 

sites and promotes their movement 
Into extravascular spaces. 

Systemic anti-inflammatory responses favor 
neutrophil homing to inflamed tissues. Bacteria that 
invade through a break in the epithelium trigger tissue 
cells (macrophages and others) to release pro
inflammatory mediators, such as TNF-a and IL-1 ~; these 
mediators act on local vessels to increase adhesion 
molecule expression and increase capillary permeability. 
Chemokines (e.g., IL-8) attract neutrophils to vessels 
within the inflamed tissue, where increased expression of 
adhesion molecules 6n endothelial cells allows them to 
stick to the vessel wall. Neutrophil diapedesis into the 
extravascular space follows. The systemic response is 
mediated by cortisol, epinephrine, IL-1 0, CRP and other 
molecules; by preventing neutrophil adherence to 
vessels outside the inflamed tissue, it promotes local 
inflammation and microbial killing while preventing injury 
to distant orqans. 

regulation; the importance of IL-6 likely relates to its 
production by most cells, its broad stimulatory activity 
toward APP genes, and its abi lity to bind in blood to the 
soluble IL-6 receptor (sll-6R), which prolongs its half-life 
and enhances its potency. The IL-6 receptor (IL-6R) has 
2 components, one of which (CD130) is shared by the 
receptors for IL-11, LIF, oncostatin-M, and CNTF. Of 
these molecules, IL-6 is the dominant inducer of APP. 

(This summary ignores many details. The 
production of different APPs is regulated 
independently; in actuality, " .. the APR is not a 
single, coordinate, global phenomenon, but 
rather ... the integrated sum of multiple, separately 
regulated changes in gene expression "(88). 
Many other mediators, particularly IL-1, interact 
with IL-6 to regulate APP production. See 
Kushner's accounts for a more detailed and 
accurate description (88,92).) 

In many situations, CRP levels seem to 
reflect (amplify) the IL-6 signal. Elevated IL-6 
levels occur following myocardial infarction (61) 
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and during unstable angina (24). A decrease in plasma IL-6 during the first 48 hours of hospital admission for 
unstable angina was associated with an uneventful hospital course, whereas an increase occurred in most 
patients who had cardiac events (24). In apparently healthy men, baseline IL-6 levels predicted risk of 
subsequent Ml; although there was a strong correlation between IL-6 and CRP levels, the relationship of IL-6 with 
subsequent risk remained after controlling for CRP (38). Although measuring both IL-6 and CRP might provide 
prognostic information that exceeds that obtained from CRP levels alone, much more study is needed. 

Acute phase responses that may contribute to an atherogenic "profile": 

1. Procoagulant changes. Fibrinogen is the major 
coagulation protein in the blood; it also strongly affects blood viscosity 
and the erythrocyte sedimentation rate (ESR). In their meta-analysis of 
12 population-based studies of CAD risk, Danesh et al. found a 
summary odds ratio of 1.8 (95% Cl, 1.6-2.0) for individuals in the upper 
third of the fibrinogen concentration distribution compared to those in 
the lowest third (44) (in the same meta-analysis, the odds ratio for CRP 
was 1.7). Fibrinogen and CRP levels usually correlate strongly with 
each other (13, 15,93). In the ECAT study, Thompson et al. found that 
fibrinogen and CRP were good predictors of coronary events in adults 
with CAD, even in individuals with low total cholesterol levels (Figure). 
Even more striking was the ability of a low CRP + low fibrinogen to 
predict event-free survival in individuals with high total cholesterol! 

Fibrinogen also contributes importantly to blood viscosity. A 
study from Germany found peak values in the winter months for plasma 
viscosity, platelet count, fibrinogen, PAI-1, LDL cholesterol and 
triglyceride levels; HDL cholesterol and cortisol levels were maximal in 
the summertime (94). Cardiovascular mortality increases by -30% in 
the wintertime. 

Another important APP is plasminogen activator inhibitor-1 
(PAI-1). It is perhaps the most important anti-fibrinolytic protein in 
plasma. Importantly, tissue plasminogen activator levels also 
increase during the APR; perhaps the increase in tPA is a 
compensation for higher PAI-1 levels. In any case, in studies in healthy 
adults, levels of tPA have also correlated with (a) CRP and (b) CAD risk 
(95). 

Thompson et al. 2000. NEJM 332:635 

Blood levels of von Willebrand factor, another APP, also predict CAD risk; in some studies this risk 
prediction is independent of, and stronger than, that associated with CRP (96). It is uncertain whether high vWf 
concentrations reflect the APR or diffuse endothelial activation, however; Jager et al. favor the latter (96) . 

2. Elevated sPLA2• Secretory nonpancreatic type II phospholipase A2 (sPLA2) is not only expressed in 
atherosclerotic arterial walls, but it is an APP; circulating levels can increase > 1 00-fold during the APR. In 
addition to having antibacterial actions (it is the most potent anti-staphylococcal and anti-streptococcal molecule 
in acute phase plasma (97)), it also is involved in remodeling HDL and LDL and damaged membranes (see 
above). sPLA2 binds to decorin, a collagen-associated proteoglycan, and possibly contributes to LDL 
modification in the arterial wall (98). A recent study in Japan found that sPLA2 was superior to CRP for predicting 
subsequent cardiac events in a population of patients who underwent cardiac catheterization for chest pain or 
ischemic EKG changes (99). 

3. Dyslipidemia and Serum Amyloid A (SAA) 
a. Hypertriglyceridemia. Triglyceride and VLDL levels increase during the APR, and hypertriglyceridemia 

has been associated with increased risk of CAD in recent studies (1 00). These changes are often attributed to 
decreases in lipoprotein lipase (LPL) and hepatic lipase, although recent studies in mice indicate that LPS
induced hypertriglyceridemia can be blocked (by an antibody to TN F-a) without affecting muscle or adipose tissue 
LPL activity (1 01 ). Free fatty acid concentrations also rise, due to increased lipolysis in adipose tissue and 
increased hepatic fatty acid synthesis. See (1 02) for a more complete review of these changes. 

b. Changes in HDL concentration and composition. Two related phenomena seem important: 
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Decreased circulating HDL-cholesterol 
concentration. In some studies of healthy 
individuals, CRP has had significant negative 
correlations with apoA-1 and apo-AII (36). Other 
studies have not found such correlations (42,48), 
but these studies did find inverse correlations 
between CRP and HDL-cholesterol (48). There is 
little doubt that acute phase responses are usually 
associated with lower HDL-cholesterollevels (40). 
HDL remodeling. Early in the APR, HDL particles 
acquire triglyceride (1 03); this may reflect remodeling 
due to secretory phospholipase A2 (1 04). Later they 
undergo even further remodeling due to serum 
amyloid A. During the APR, serum levels of serum 
amyloid A (SAA) may increase 500- to 1 000-fold. 

Serum amyloid P (SAP): 
scavenges chromatin. An APP in 
mice, not in humans. A pentraxin 
(like CRP). Found in Alzheimer's 
plaques, most amyloid deposits. 
Serum amyloid A (SAA): Mr = 
12,000, binds HDL, alters its 
properties. APP in human, mouse. 
Several isoforms. Contributes to 
secondary (AA) amyloidosis. 
(Primary amyloidosis (AL) is due to 
deposition of immunoglobulin light 
chains.) 

SAA is carried almost entirely on HDL3; when it binds to HDL3 it displaces apoA-1. Other acute 
phase changes in HDL composition include decreases in cholesterol (1 05,1 06), platelet activating 
factor acetylhydrolase (PAF-AH)(1 07), and paraoxonase (which prevents LDL oxidation) (1 07). 
The anti-oxidant and anti-inflammatory character of the particles is diminished as they lose PAF
AH and paraoxonase. In addition, HDL gains 
ceruloplasmin, another acute phase protein, and 
becomes more pro-oxidant. 

These changes are associated with 
more rapid clearance of HDL from the circulation 
(1 08); this seems to be the major mechanism by 
which the circulating HDL concentration 
decreases. Among the potential explanations for 
this enhanced clearance is the observation that 
SAA-HDL has a higher affinity for binding 
macrophages than does HDL (106,109). 

When compared with normal HDL in 
vitro, acute phase (SAA-)HDL surrenders 
cholesterol esters more rapidly to macrophages 
and, at least in some studies, is also significantly 
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Anti-atherogenic 
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Acute phase changes in HDL composition 
(data from Van Lenten, eta!. 1995. J. Clin. Invest. 96:2758) 

less able to enable cholesterol efflux from these cells (1 09). Replacement of more than half of 
the apoA-1 by SAA may be required for these changes, however. 

In summary, acute phase HDL is pro-inflammatory and pro-atherogenic (see Figure). 

(Deposition of an amino-terminal fragment of SM in macrophage-rich tissues is the basis for 
secondary amyloidosis, an incurable process that may complicate chronic inflammatory conditions such as 
rheumatoid arthritis.) 

4. Leukocytosis. Although leukocytosis is not usually included in 
discussions of the APR, it may result indirectly from the actions of cortisol 
(which promotes demargination of leukocytes from postcapillary venules 
(11 0)) and CRP (which may induce L-selectin shedding from leukocyte 
surfaces, thus interfering with leukocyte adhesion), as well as from marrow 
stimulation by M-CSF and G-CSF (both of which increase during acute 
phase responses). In their 1998 meta-analysis, Danesh et al. found 19 
prospective studies of leukocyte count and CAD. The 7 largest studies all 
adjusted for smoking, which increases blood leukocyte counts (as do 
diabetes mellitus and age (93)) . Individuals in the top third (mean = 8.4 x 
1 09/L) had a risk ratio of 1.4 (95% Cl, 1.3-1.5) relative to those in the bottom 
third (mean = 5.6 x 1 09/L). The different cell types were not specified. 

5. Hypoalbuminemia. Although hypoalbuminemia not a likely 
atherogenic factor itself, a recent metaanalysis found that the serum 

Acute phase responses that 
have been associated with 
increased risk of coronary 
vascular disease in one or 

more studies: 
high CRP 

high fibrinogen 
high tPA 

high von Willebrand factor 
leukocytosis 

high triglycerides 
low HDL-cholesterol 

low apoA-1 
low albumin 
high PLA2 

high ferritin 
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albumin concentration has a statistically significant inverse association with CAD (44). Low albumin levels 
correlated with age, smoking, obesity, and blood pressure. 

Summary: a list of the known laboratory-based risk factors for CAD includes many acute phase proteins (boxon 
previous page). Could activation of the APR be the common mechanism by which smoking, obesity, stress, etc., 
contribute to atherosclerosis? 

Prevalence of CRP > 2.2 mg/L in men and women 
Aged 17 years or older. Black= CRP > 10 mg/L. 

Men 

(n=665~ 
~ --
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Obesity (see Dr. Nicola Abate's Grand Rounds of 
January 6, 2000). There is a strong correlation between BMI 
and CRP levels, particularly in women (111) but also in men 
(36,42). In the study by Visser et al. (Figure), the prevalence of 
"clinically elevated" CRP (> 1 0 mg/L) was 4.0% in normal-weight 
women, 7.7% in overweight women (BMI 25 - 29 kg!m\ and 
20.2% in obese women (BMI > 30 kg/m2

). Older women were 
less likely to have elevated or clinically elevated CRP than 
younger women. CRP levels also correlate directly with the 
waisVhip ratio. 

o l r --.-·1~ .. 
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BMI is also strongly associated with plasma leptin levels 
(112, 113). A relationship between sleep apnea, visceral 
obesity, insulin resistance, and hypercytokinemia (IL-6, leptin) 
has been proposed (113). 

BMI, kg.fm& 

Visser et al. 1999. JAMA 282:2131 
Age. In 
apparently 
healthy men, 

CRP levels increase with age (36). Similar results were found 
for both genders in another study (114). The means were 1.90 
mg/L in the 25-34 year age group vs. 3.03 in the 75-84 year 
group (114). 

Smoking. Smokers have significantly elevated CRP 
levels (again, these are within the traditional "normal" range
below 10 mg/L)(36,42). In some studies, smoking has had such 
a striking effect on CRP that smokers have been considered as 
a separate group: even when this has been done, CRP has 
remained an independent risk factor for CAD. Smoking may 
trigger APR by inducing low-grade airway inflammation, 
predisposing to chronic bronchitis, or other mechanisms. 
Cigarette smoke contains bacterial endotoxin (115); one recent 
report found an association between high levels of circulating 
endotoxin and carotid and coronary atherosclerosis in smokers 
(116). See Figure at right. 

Non-insulin-dependent (type 2) diabetes mellitus. 
Reaven (117) suggested that the increased risk of CAD in 
hypertensive patients, and the fact that this risk is not reduced 
with antihypertensive treatement, is due to the clustering of 
hypertension, hyperinsulinemia (insulin resistance), 
hypertriglyceridemia, and low HDL-cholesterol. More recently, 
pilot studies have suggested an association between insulin 
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CRP levels are elevated in smokers. 
Rohde.1999. Am.J.Cardiol. 84:1018 

resistance and CRP levels in healthy individuals (118). Pickup et al. (119, 120) and Fernandez-Real and Ricart 
(121) have suggested that the APR makes an important contribution to NIDDM and, in addition, to metabolic 
syndrome X (obesity, NIDDM, hypertension, atherosclerosis). Blood abnormalities which are present in both 
acute phase responses and metabolic syndrome X include hyperinsulinemia, hypertriglyceridemia, high leptin, low 
HDL, high CRP, high complement and SAA, high fibrinogen, high PAI-1 and von Willebrand factor, high cortisol, 
low testosterone and zinc (119). Elevated levels of ferritin, another APP, may also be part of the "insulin 
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resistance syndrome" (122). In obese individuals, hyperleptinemia is associated with high IL-6 and cortisol levels 
in addition to its strong correlation with BMI (123). 

Summary: there is intriguing (but still inconclusive) evidence that activation of the APR plays a role in the 
atherogenesis associated with obesity, smoking, age, and NIDDM. 

Obesity, smoking, inflammation, stress: is there a common pathway to atherothrombotic disease? 

Since visceral obesity, smoking, age, and NIDDM are all associated with both low-grade acute phase 
responses and increased risk of coronary disease, and since many of the changes that occur during acute phase 
responses are pro-atherogenic, is the APR the link that connects these diverse conditions to atherosclerotic 
cardiovascular disease? And, if so, what is the "signal" that triggers the APR in each of these conditions? 

Is there a common stimulus that provokes the APR in patients with the diverse conditions mentioned 
above? Yudkin (1 24) has proposed that IL-6 is the mediator that links the APR to visceral obesity, insulin 
resistance and CAD ("metabolic syndrome X"). A sim ilar hypothesis has been suggested by McCarty (125). 
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A summary of the evidence: 
• IL-6 is a major trigger for the APR. This conclusion is supported by the observed consequences 

of gene disruption experiments in mice: IL-6 -/-mice do not mount an acute phase response 
(126), whereas TNF-a -/-mice are essentially normal in this regard (127). (IL-1 KO mice also do 
not have a normal APR, pointing to important interactions between IL-1 and IL-6 in APR 
activation.) 

• IL-6 is also a major stimulus for activation of the hypothalamic-pituitary-adrenal axis. 
• In numerous studies of chronically ill patients, there has been a tight correlation between CRP 

and IL-6 levels, but not between CRP and levels of other cytokines. 
• In several population-based studies, blood IL-6 concentrations have predicted total and 

cardiovascular mortality (39-41 ); in one study, this association was stronger than, but additive to, 
that for CRP (39). 

• Many conditions that predispose to CAD are associated with elevated blood IL-6 levels: 
o Age 
o Smoking 
o Obesity 
o Diabetes mellitus (NIDDM) 
o Chronic inflammation 
o Stress 

• How obesity might produce elevated blood IL-6 levels may be explained by the striking 
observation that approximately 10% to 35% of the body's IL-6 is produced in adipose tissue 
(128, 129). Omental adipose tissue evidently produces significantly more IL-6 than subcutaneous 
adipose tissue (129), in keeping with the observation that waist-to-hip ratio is an independent risk 
factor, independent of BMI, for an elevated blood CRP (111) and the "metabolic syndrome." 
Adipose tissue also produces and releases TNF-a (130); one study found that blood TNF-a levels 
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correlated with waist-to-hip ratio, but not to BMI (130). Since TN F-a can trigger IL-6 release, one 
theory holds that it is adipose tissue TN F-a that actually is the "driver" behind the visceral obesity
APR-CAD connection (125). Evidence against this hypothesis is the finding that subcutaneous 
adipose tissue evidently releases IL-6, but not TNF-a, in vivo (128). On the other hand, blood 
levels of soluble TN F-a receptor (sTNF-R55, an indicator of TN F-a activation), correlate with 
blood leptin levels in both controls and diabetic subjects (112). 

The IL-6-producing cells in adipose tissue have not been identified. If IL-6 production is 
constitutive, as seems likely, the high levels associated with obesity may simply be due to the 
greater adipose tissue mass; a systemic response (low-grade APR) could be a predictable 
consequence of gaining weight, in particular enlarging one's abdominal girth. There also seem to 
be genetic influences (see below). 
IL-6-induced acute phase responses include many known CAD risk factors (see above): 

o Elevated blood fibrinogen, tPA 
o Low HDL-cholesterol, high VLDL 
o Decreased insulin sensitivity (TN F-a seems more important for this response) 
o Low serum albumin 
o High cortisol 
o High CRP, SAA 

A polymorphism (SNP) in the IL-6 promoter has been 
associated with LPS- or TNF-induced transcription of 
the IL-6 gene in vitro and with blood IL-6 levels in vivo 
(131 ). Fernandez-Real et al. found that subjects who 
were homozygous for the C allele at position - 17 4 of 
the IL-6 gene had significantly lower fasting insulin 
levels and better performance on an oral GTT than did 
individuals who were carriers of the G allele (132). The 
same group reported that G carriers had significantly 
higher VLDL, higher free fatty acid levels, and lower 
HDL-cholesterol than did C homozygotes; a tendency 
toward higher IL-6 levels in the G carriers was also 
found (133) (see also (131 )). 
Yudkin's analysis of 1 06 non-diabetic adults found a 
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strong correlation (r = 0.59, p < 0.00005) between Plasma IL-61evels according to 
acute phase response molecules and insulin resistance genotype. Fishman 1999 J.Ciin.lnvest. 

102:1369 
syndrome variables (118). 
In atherosclerosis-prone mice, administering IL-6 can accelerate the rate at which atherosclerotic 
changes develop (134). 

Still missing is a convincing demonstration that selectively blocking IL-6 production or action can reduce 
the changes of the APR and prevent CAD. An important problem with such a study, as with many 
studies of inflammation-related cytokines, is that the target molecule (IL-6) plays very important roles in 
the body's acute responses to numerous stresses, including infection. Agents that potently interfere with 
IL-6 action may blunt these responses when they are most needed. On the other hand, there is 
evidence that both ASA and statins can prevent inflammation without impeding host defenses; they 
probably do this in part by blocking IL-6 synthesis. It should be possible to produce selective IL-6 
antagonists with similarly low potency. 

Concluding comments 

The available evidence suggests strongly that CRP is sensitive, dynamic marker for the acute phase 
response. Whether it contributes directly to atherothrombosis is uncertain, although the epidemiological data are 
suggestive. (In some of the epidemiological studies, it remained as an independent predictor of CAD risk when 
numerous other variables have been included in multivariate analysis.) In any case, it is only one of many 
components of the APR - which, taken together, generates most of the known risk factors for CAD. Learning 
how to prevent low-level activation of the APR without interfering with its beneficial actions could reap great 
rewards for science and medicine. 
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It's important to note that the APR has other clinical consequences. Some are so common that we tend 
to minimize their frequency and importance. 

1. Hypoalbuminemia of acute illness. At the onset of the APR, albumin synthesis abruptly ceases. 
Since the plasma half-life of albumin is 10 - 12 days, a decline in the serum albumin concentration occurs quickly. 
When severe, acute phase hypoalbuminemia can contribute to edema formation (even anasarca). 

2. Anemia of chronic inflammation ("anemia of chronic disease")(135). 
3. Euthyroid sick syndrome. The inflammation-induced decrease in T3 is at least partly due to IL-6 

(136), which (like TN F-a and IL-1) can decrease 5'-monodiodinase activity. 
4. Endogenous immunosuppression Transient immunosuppression often follows severe trauma. The 

characteristics of this state suggest that it is caused by an exaggerated acute phase response- that the systemic 
anti-inflammatory forces become sufficiently strong to suppress innate host defenses at local sites of microbial 
invasion. 

It's important to remember that the various components 
of the APR are not so highly orchestrated that they play the 
same tune in response to every kind of stimulus or in all 
individuals. There are both inherited and stimulus-specific 
differences. In some circumstances, CRP is not a useful way to 
monitor the APR - perhaps the best example for internists is 
systemic lupus, in which the ESR (fibrinogen) is much more 
responsive to disease activity than is CRP. 

Finally, Yudkin et al. found that, among the residents of 
a single area in India, those living in rural communities had 
sign ificantly lower blood levels of several APPs (and pro
inflammatory cytokines) than did those living in the city (either in 
slums or private dwellings)(Table at right)(137). Chronic, low
level activation of the APR may be a price that humans have 
paid for urbanization and the evolution of modern lifestyles. 

Rural Urban 
village Urban slum middle 

class 

N 43 28 40 

Age 28 35 38 

BMI 18.7 22.3 23.3 
(kglm21 

IL-6 2.5 23.5 7.1 
(pglml) 

TN F-a 2.6 39.3 31 
(pglml) 

Leptln 1.9 9.6 6.3 
(pglml) 

Modified slightly from Yudkin, et al. 1999. 
Diabetes Care 22:363 

1. Tsai J. Inflammatory response in coronary artery disease: CAP as a novel risk factor. Resident's Talk, Department of Internal 
Medicine, Parkland Memorial Hospital 2000. 

2. Kushner I, Broder ML, Karp D. Control of the acute phase response. Serum C-reactive protein kinetics after acute myocardial 
infarction. J.Ciin.lnvest. 1978;61 :235-42. 

3. Nikfardjam M, MOllner M, Schreiber W, Oschatz E, Exner M, Domanovits H et al. The association between C-reactive protein on 
admission and mortality in patients with acute myocardial infarction. J. lntern.Med. 2000;247:341-5. 

4. Anzai T, Yoshikawa T, Shiraki H, Asakura Y, Akaishi M, Mitamura H et al. C-reactive protein as a predictor of infarct expansion and 
cardiac rupture after a first Q-wave acute myocardial infarction. Circulation 1997;96:778-84. 

5. Morrow DA, Rifai N, Antman EM, Weiner DL, McCabe CH, Cannon CP et al. C-reactive protein is a potent predictor of mortality 
independently of and in combination with troponin Tin acute coronary syndromes: A TIMI 11A substudy. J.Am.Coii.Cardiol. 
1998;31 :1460-5. 

6. Ueda K, Takahashi M, Ozawa K, Kinoshita M . Decreased soluble interleukin-6 receptor in patients with acute myocardial infarction. 
Am.HeartJ. 1999;138:908-15. 

7. Pietila K, Harmoinen A, Hermans W, Simoons ML, Van de Wert F, Verstraete M. Serum C-reactive protein and infarct size in 
myocardial infarct patients with a closed versus an open infarct-related coronary artery after thrombolytic therapy. Eur.Heart J. 
1993;14:915-9. 

8. Voulgari F, Cummins P, Gardecki TIM, Beaching NJ, Stone PCW, Stuart J. Serum levels of acute phase and cardiac proteins after 
myocardial infarction, surgery, and infection. Br.Heart J. 1982;48:352-6. 

9. de Beer FC, Hind CRK, Fox KM, Allan AM, Maseri A, Pepys MB. Measurement of serum C-reactive protein concentration in 
myocardial ischaemia and infarction. Br.Heart J. 1982;47:239-43. 

10. Haverkate, F., Thompson, S. G., Pyke, S. D. M., Gall imore, J. A., Pepys, M. B., and for the European Concerted Action on 
Thrombosis and Disabilities Angina Pectoris Study Group. Production of C-reactive protein and risk of coronary events in stable and 
unstable angina. Lancet 349, 462-466. 1997. 
Ref Type: Journal (Full) 

11. Lagrand WK, Niessen HWM, Wolbink G-J, Jaspars LH, Visser CA, Verheugt FWA et al. C-reactive protein colocalizes with 
complement in human hearts during acute myocardial infarction. Circulation 1997;95:97-1 03. 

12. Griselli M, Herbert J, Hutchinson WL, Taylor KM, Sohail M, Krausz T et al. C-reactive protein and complement are important 
mediators of tissue damage in acute myocardial infarction. J.Exp.Med. 1999;190:1733-9. 

18 



13. Thompson SG, Kienast J, Pyke SDM, Haverkate F, van de Loo JCW, for the European Concerted Action on Thrombosis and 
Disabilities Angina Pectoris Study Group. Hemostatic factors and the risk of myocardial infarction or sudden death in patients with 
angina pectoris. New Eng.J.Med. 1995;332:635-41 . 

14. Heinrich J, Schulte H, Schonfeld R, Kohler E, Assmann G. Association of variables of coagulation, fibrinolysis and acute-phase with 
atherosclerosis in coronary and peripheral arteries and those arteries supplying the brain. Thromb.Haemost. 1995;73:37 4-9. 

15. Erren M, Reinecke H, Junker R, Fobker M, Schulte H, Schurek JO et al. Systemic inflammatory parameters in patients with 
atherosclerosis of the coronary and peripheral arteries. Arterioscler.Thromb.Vasc.Biol. 1999;19:2355-63. 

16. Berk BC, Weintraub WS, Alexander RW. Elevation of C-reactive protein in "active" coronary artery disease. Am.J.Cardiol. 
1990;65:168-72. 

17. Liuzzo G, Biasucci LM, Gallimore JR, Grillo RL, Rebuzzi AG, Pepys MB et al. The prognostic value of C-reactive protein and serum 
amyloid A protein in severe unstable angina. New Eng.J.Med. 1994;331 :417-24. 

18. Rebuzzi AG, Quaranta G, Liuzza G, Caligiuri G, Lanza GA, Gallimore JR et al. Incremental prognostic value of serum levels of 
troponin T and C-reactive protein on admission in patients with unstable angina pectoris. Am.J.Cardiol. 1998;82:715-9. 

19. Liuzzo G, Biasucci LM, Rebuzzi AG, Gallimore JR, Caligiuri G, Lanza GA et al. Plasma protein acute-phase response in unstable 
angina is not induced by ischemic injury. Circulation 1996;94:2373-80. 

20. Oltrona L, Ardissino D, Merlini PA, Spinola A, Chiodo F, Pezzano A. C-Reactive protein elevation and early outcome in patients with 
unstable angina pectoris. Am.J.Cardiol. 1997;80:1 002-6. 

21. Benamer H, Steg PG, Benessiano J, Vicaut E, Gaultier CJ, Boccara A et al. Comparison of the prognostic value of C-reactive protein 
and troponin I in patients with unstable angina pectoris. Am.J.Cardiol. 1998;82:845-50. 

22. Ferreir6s ER, Boissonnet CP, Pizarro R, Merletti PFG, Corrado G, Cagide A et al. Independent prognostic value of elevated C
reactive protein in unstable angina. Circulation 1999;100:1958-63. 

23. Versaci F, Gaspardone A, Tomai F, Crea F , Chiariello L, Gioffre PA. Predictive value of C-reactive protein in patients with unstable 
angina pectoris undergoing coronary artery stent implantation. Am.J.Cardiol. 2000;85:92-5 . 

24. Biasucci LM, Liuzza G, Fantuzzi G, Caligiuri G, Rebuzzi AG, Ginnetti Fetal. Increasing levels of interleukin (IL)-1 Ra and IL-6 during 
the first 2 days of hospitalization in unstable angina are associated with increased risk of in-hospital coronary events. Circulation 
2000;99:2079-84. 

25. Heeschen C, Hamm CW, Bruemmer J, Simoons ML, for the CAPTURE investigators. Predictive value of C-reactive protein and 
Troponin Tin patients with unstable angina: a comparative analysis. J.Am.Coii.Cardiol. 2000;35:1535-42. 

26. Roberts WL, Sedrick R, Moulton L, Spencer A, Rifai N. Evaluation of four automated high-sensitivity C-reactive protein methods: 
Implications for clinical and epidemiological applications. Clin.Chem. 2000;46:461-8. 

27. Ross R. Atherosclerosis - an inflammatory disease. New Eng.J.Med. 1999;340:115-26. 
28. Azar RR, Waters DD. The inflammatory etiology of unstable angina. Am.Heart J. 1996;132:1101 -6+. 
29. Mazzone A, De ServiS, Ricevuti G, Mazzucchelli I, Gossati G, Pasotti D et al. Increased expression of neutrophil and monocyte 

adhesion molecules in unstable coronary artery disease. Circulation 1993;88:358-63. 
30. Jude B, Agraou B, McFadden EP, Susan S, Bauters C, Lepelley Petal. Evidence for time-dependent activation of monocytes in the 

systemic circulation in unstable angina but not in acute myocardial infarction or in stable angina. Circulation 1994;90: 1662-8. 
31. Stefanadis C, Diamantopoulos L, Dernellis J, Economou E, Tsiamis E, Toutouzas Ketal. Heat production of atherosclerotic plaques 

and inflammation assessed by the acute phase proteins in acute coronary syndromes. J.Moi.Ceii.Cardiol. 2000;32:43-52 . 
32. Ridker PM, Rifai N, Pfeffer MA, Sacks FM , Moye LA, Goldman S et al. Inflammation, pravastatin, and the risk of coronary events 

after myocardial infarction in patients with average cholesterol levels. Circulation 1998;98:839-44. 
33. Kuller LH, Tracy RP, Shaten J, Meilahn EN, for the MRFIT Research Group. Relation of C-reactive protein and coronary heart 

disease in the MRFIT nested case-control stsudy. Am.J.Epidemiol. 1996;144:537-47. 
34. Tracy RP, Lemaitre RN, Psaty BM, lves DG, Evans RW, Cushman Metal. Relationship of C-reactive protein to risk of 

cardiovascular disease in the elderly. Arterioscler.Thromb.Vasc.Biol. 1997;17: 1121 -7. 
35. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflammation, aspirin, and the risk of cardiovascular disease in 

apparently healthy men. New Eng.J.Med. 1997;336:973-9 . 
36. Rohde LEP, Hennekens CH, Ridker PM. Survey of C-reactive protein and cardiovascular risk factors in apparently healthy men. 

Am.J.Cardiol. 1999;84:1 018-22. 
37. DiNapoli M, Di Gianfilippo G, Sollecito A, Bocola V. C-reactive protein and outcome after first-ever ischemic stroke. Stroke 

2000;31 :238-9. 
38. Ridker PM, Rifai N, Stampfer MJ, Hennekens CH. Plasma concentration of interleukin-6 and the risk of future myocardial infarction 

among apparently healthy men. Circulation 2000;101 :1767-72. 
39. Harris TB, Ferrucci L, Tracy RP, Corti MC, Wacholder S, Ettinger WH, Jr. et al. Associations of elevated interleukin-6 and C-reactive 

protein levels with mortality in the elderly. Am.J.Med. 1999;106:506-12. 
40. Ridker PM, Hennekens CH, Suring JE, Rifai N. C-reactive protein and other markers of inflammation in the prediction of 

cardiovascular disease in women. New Eng.J.Med. 2000;342:836-43. 
41. Margaglione M, Cappucci G, Colaizzo D, Vecchione G, Grandone E, Di Minno G. C-reactive protein in offspring is associated with the 

occurrence of myocardial infarction in first-degree relatives. Arterioscler.Thromb.Vasc.Biol. 2000;20:198-203. 
42. Koenig W, Sund M, Frohlich M, Fischer HG, Lowe! H, Doring A et al. C-reactive protein, a sensitive marker of inflammation, predicts 

future risk of coronary heart disease in initially healthy middle-aged men - Results from the MONICA (Monitoring Trends and 
Determinants in Cardiovascular Disease) Augsburg Cohort Study, 1984 to 1992. Circulation 1999;99:237 -42. 

43. Ridker PM, Suring JE, Shih J, Matias M, Hennekens CH. Prospective study of C-reactive protein and the risk of future cardiovascular 
events among apparently healthy women. Circulation 1998;98:731 -3 . 

19 



44. Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, C-reactive protein, albumin, or leukocyte count with coronary heart 
disease. Meta-analyses of prospective studies. JAMA 1998;279: 14 77-82. 

45. Gussekloo J, Schaap MCL, Frolich M, Blauw GJ, Westendorp RGJ. C-reactive protein is a strong but nonspecific risk factor of fatal 
stroke in elderly persons. Arterioscler. Throm b. Vasc.Biol. 2000;20: 1 04 7-51. 

46. Ford ES, Giles WH. Serum C-reactive protein and self-reported stroke - Findings from the Third National Health and Nutrition 
Examination Survey. Arterioscler.Thromb.Vasc.Biol. 2000;20:1 052-6. 

47. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Plasma concentration of C-reactive protein and risk of developing 
peripheral vascular disease. Circulation 1998;97:425-8. 

48. Mendall MA, Patel P, Ballam L, Strachan D, Northfield TC. C reactive protein and its relation to cardiovascular risk factors: a 
population based cross sectional study. BMJ 1996;312 :1061 -5. 

49. Anderson JL, Carlquist JF, Muhlestein JB, Horne BD, Elmer SP. Evaluation of C-reactive protein, an inflammatory marker, and 
infectious serology as risk factors for coronary artery disease and myocardial infarction. J.Am.Coii.Cardiol. 1998;32:35-41. 

50. Ridker PM, Kundsin RB, Stampfer MJ, Poulin S, Hennekens CH. Prospective study of Chlamydia pneumoniae lgG seropositivity and 
risks of future myocardial infarction. Circulation 1999;99 :1161 -4. 

51. Zhu JH, Quyyumi AA, Norman JE, Csako G, Waclawiw MA, Shearer GM et al. Effects of total pathogen burden on coronary artery 
disease risk and C-reactive protein levels. Am.J.Cardiol. 2000;85: 140-6. 

52. Zhu JH, Quyyumi AA, Norman JE, Csako G, Epstein SE. Cytomegalovirus in the pathogenesis of atherosclerosis- The role of 
inflammation as reflected by elevated C-reactive protein levels. J.Am.Coii.Cardiol. 1999;34:1738-43. 

53. Hoffmeister A, Rothenbacher D, Wanner P, Bode G, Persson K, Brenner H et al. Seropositivity to chlamydiallipopolysaccharide and 
Chlamydia pneumoniae, systemic inflammation and stable coronary artery disease- Negative results of a case-control study. 
J.Am.Coii.Cardiol. 2000;35:112-8. 

54. Fang D, Tracy RP, Lipinska I, Murillo J, McKenna C, Tofler GH. Effect of short-term aspirin use on C-ractive protein. 
J.Thromb.Thrombolysis 2000;9:37 -41 . 

55. Revhaug A, Michie HR, Manson JM, Watters JM, Dinarello CA, Wolff SM et al. Inhibition of cyclo-oxygenase attenuates the 
metabolic response to endotoxin in humans. Arch.Surg. 1988;123:162-70. 

56. lkonomidis I, Andreotti F, Economou E, Stefanadis C, Toutouzas P, Nihoyannopoulos P. Increased proinflammatory cytokines in 
patients with chronic stable angina and their reduction by aspirin. Circulation 1999;100:793-8. 

57. Ridker PM, Rifai N, Pfeffer MA, Sacks F, Braunwald E, Cholesterol Recurr Event CARE Invest. Long-term effects of pravastatin on 
plasma concentration of C-reactive protein. Circulation 1999;100:230-5. 

58. Strandberg TE, Vanhanen H, Tikkanen MJ. Effect of statins on C-reactive protein in patients with coronary artery disease . Lancet 
1999;353:118-9. 

59. Rosenson RS, Tangney CC. Antiatherothrombotic properties of statins. Implications for cardiovascular event reduction. JAMA 
1998;279: 1643-50. 

60. Gwechenberger M, Mendoza LH, Youker KA, Frangogiannis NG, Smith CW, Michael LH et al. Cardiac myocytes produce interleukin-
6 in culture and in viable border zone of reperfused infarctions. Circulation 1999;99:546-51. 

61. Pannitteri G, Marino B, Campa PP, Martucci R, Testa U, Peschle C. lnterleukins 6 and 8 as mediators of acute phase response in 
acute myocardial infarction. Am.J.Cardiol. 1997;80:622-5. 

62. Thompson D, Pepys MB, Wood SP. The physiological structure of human C-reactive protein and its complex with phosphocholine. 
Structure 1999;7:169-77. 

63. Gao H, Hegele RA. Human C-reactive protein (CRP) 1059G/C polymorphism. J.Hum.Genet. 2000;45:100-1. 
64. Szalai AJ, Briles DE, Volanakis JE. Human C-reactive protein is protective against fatal Streptococcus pneumoniae infection in 

transgenic mice. J.lmmunol. 1995;155:2557-63. 
65. Mold C, Nakayama S, Holzer TJ, Gewurz H, DuClos TW. C-reactive protein is protective against Streptococcus pneumoniae infection 

in mice. J.Exp.Med. 1981 ;154:1703-8. 
66. Weiser JN, Pan N, McGowan KL, Musher D, Martin A, Richards J. Phosphorylcholine on the lipopolysaccharide of Haemophilus 

influenzae contributes to persistence in the respiratory tract and sensitivity to serum killing mediated by C-reactive protein. J.Exp.Med. 
1998;187:631-40. 

67. Serino L, Virji M. Phosphorylcholine decoration of lipopolysaccharide differentiates commensal Neisseriae from pathogenic strains: 
identification of licA-type genes in commensal Neisseriae. Moi.Microbiol. 2000;35:1550-9. 

68. Bharadwaj D, Stein MP, Volzer M, Mold C, Du Clos TW. The major receptor for C-reactive protein on leukocytes is Fcgamma receptor 
II. J.Exp.Med. 1999;190:585-90. 

69. Stein M-P, Edberg JC, Kimberly RP, Managan EK, Bharadwaj D, Mold C et al. C-reactive protein binding to FcyRIIa on human 
monocytes and neutrophils is allele-specific. J.Ciin.lnvest. 2000;105:369-76. 

70. Yee AM, Phan HM, Zuniga R, Salmon JE, Musher DM. Association between FcgammaRIIA-R131 allotype and bacteremic 
pneumococcal pneumonia. Clin.lnfect.Dis. 2000;30:25-8. 

71. Platonov AE, Shipulin GA, Vershinina IV, Dankert J, Van de Winkel JG, Kuijper EJ. Association of human FcgammaRIIa (CD32) 
polymorphism with susceptibility to and severity of meningococcal disease. Clin.lnfect.Dis. 1998;27:7 46-50. 

72. Tilg H, Dinarello CA, Mier JW. IL-6 and APPs: anti-inflammatory and immunosuppressive mediators. lmmunoi.Today 1997;9:428-32. 
73. Xia DY, Samols D. Transgenic mice expressing rabbit C-reactive protein are resistant to endotoxemia. Proc.Nati.Acad.Sci.USA 

1997;94:2575-80. 
74. Jones SA, Novick D, Horiuchi S, Yamamoto N, Szalai AJ, Fuller GM. C-reactive protein: A physiological activator of interleukin 6 

receptor shedding. J.Exp.Med. 1999;189:599-604. 

20 



75. Tilg H, Vannier E, Vachino G, Dinarello CA, Mier JW. Antiinflammatory properties of hepatic acute phase proteins: Preferential 
induction of interleukin 1 (IL-1) receptor antagonist over IL-113 synthesis by human peripheral blood mononuclear cells. J.Exp.Med. 
1993;178: 1629-36. 

76. Pue CA, Mortensen RF, Marsh CB, Pope HA, Wewers MD. Acute phase levels of C-reactive protein enhance IL-113 and IL-1 Ra 
production by human blood monocytes but inhibit IL-113 and IL -1 Ra production by alveolar macrophages. J.lmmunol. 1996; 156:1594-
600. 

77. Zouki C, Beauchamp M, Baron C, Filep JG. Prevention of in vitro neutrophil adhesion to endothelial cells through shedding of L
selectin by C-reactive protein and peptides derived from C-reactive protein. J.Ciin.lnvest. 1997;100:522-9 . 

78. Gabay C, Smith MF, Jr., Eidlen D, Arend WP. lnterleukin 1 receptor antagonist (IL-1 Ra) is an acute-phase protein. J.Ciin.lnvest. 
1997;99:2930-40. 

79. van der Poll T, Levi M, Hack CE, Ten Cate H, van Deventer SJH, Eerenberg AJM et al. Elimination of interleukin 6 attenuates 
coagulation activation in experimental endotoxemia in chimpanzees. J.Exp.Med. 1994;179:1253-9. 

80. Stouthard JML, Levi M, Hack CE, Veenhof CHN, Romijn HA, Sauerwein HP et al. lnterleukin-6 stimulates coagulation, not 
fibrinolysis, in humans. Thromb.Haemost. 1996;76:738-42. 

81 . Cermak J, Key NS, Bach RR, Balla J, Jacob HS, Vercellotti GM. C-reactive protein induces human peripheral blood monocytes to 
synthesize tissue factor. Blood 1993;82:513-20. 

82. DuClos TW. C-reactive protein reacts with the U1 small nuclear ribonucleoprotein . J.lmmunol. 1989;143:2553-9. 
83. Burlingame RW, Volzer MA, Harris J, Du Clos TW. The effect of acute phase proteins on clearance of chromatin from the circulation 

of normal mice. J.lmmunol. 1996;156:4783-8. 
84. Hack CE, Wolbink G-J, Schalkwijk C, Speijer H, Hermans WT, van den Bosch H. A role for secretory phospholipase A2 and C

reactive protein in the removal of injured cells. Immunology Today 1997;18: 111 -5. 
85. Lagrand WK, Visser CA, Hermans WT, Niessen HWM, Verheugt FWA, Wolbink GJ et al. C-reactive protein as a cardiovascular risk 

factor - More than an epiphenomenon? Circulation 1999;1 00:96-102. 
86. Emsley J, White HE, O'Hara BP, Oliva G, Srinivasan N, Tickle IJ et al. Structure of pentameric human serum amyloid P component. 

Nature 1994;367:338-45. 
87. Pepys MB, Butler PJG. Serum amyloid P component is the major calcium-dependent DNA binding protein of the serum. 

Biochem.Biophys.Res.Comm. 1987;148:308-13. 
88. Kushner I. Regulation of the acute phase response by cytokines. Perspectives in Biology and Medicine 1993;36:611 -22. 
89. Kushner I, Mackiewicz A. The acute phase response: an overview. In: Mackiewicz A, Kushner I, Baumann H, editors. Acute phase 

proteins. Boca Raton: CRC Press; 1993. p. 4-19. 
90. Ershler WB, Keller ET. Age-associated increased interleukin-6 gene expression, late-life diseases, and frailty. Ann.Rev.Med. 

2000;51 :245-70. 
91. Derijk R, Michelson D, Karp B, Petrides J, Gallivan E, Deuster Petal. Exercise and circadian rhythm-induced variations in plasma 

cortisol differentially regulate interleukin-1 B (IL-1 B), IL-6, and tumor necrosis factor-a (TN F-a) production in humans: high sensitivity of 
TN F-a and resistance of IL-6 . J.Ciin.Endocrinoi.Metab. 1997;82:2182-91. 

92. Kushner I, Jiang SL, Zhang DX, Lozanski G, Samols D. Do post-transcriptional mechanisms participate in induction of C-reactive 
protein and serum amyloid A by IL-6 and IL- 1. Ann.NY Acad.Sci. 1995;762:1 02-7. 

93. Grau AJ, Buggie F, Becher H, Werle E, Hacke W. The association of leukocyte count, fibrinogen and C-reactive protein with vascular 
risk factors and ischemic vascular diseases. Thromb.Res. 1996;82:245-55. 

94. Frohlich M, Sund M, Russ S, Hoffmeister A, Fischer HG, Hombach V et al. Seasonal variations of rheological and hemostatic 
parameters and acute-phase reactants in young, healthy subjects. Arterioscler.Thromb.Vasc.Biol. 1997;17:2692-7. 

95. Gram J, Bladbjerg EM, Moiler L, Sjol A, Jespersen J. Tissue-type plasminogen activator and C-reactive protein in acute coronary 
heart disease. A nested case-control study. J.lntern.Med. 2000;247:205-12. 

96. Jager A, Van Hinsbergh VWM, Kostense PJ, Emeis JJ, Yudkin JS, Nijpels Get al. von Willebrand factor, C-reactive protein, and 5-
year mortality in diabetic and nondiabetic subjects - The Hoorn study. Arterioscler.Thromb.Vasc.Biol. 1999;19:3071-8. 

97. Weinrauch Y, Abad C, Liang NS, Lowry SF, Weiss J. Mobilization of potent plasma bactericidal activity during systemic bacterial 
challenge - Role of group IIA phospholipase A2. J.Ciin.lnvest. 1998;102:633-8. 

98. Kovanen PT, Pentikainen MO. Secretory group II phospholipase A2- A newly recognized acute-phase reactant with a role in 
atherogenesis. Circ Res 2000;86:610-2. 

99. Kugiyama K, Ota Y, Takazoe K, Moriyama Y, Kawano H, Miyao Yet al. Circulating levels of secretory type II phospholipase A2 
predict coronary events in patients with coronary artery disease. Circulation 1999;1 00 :1280-4. 

100. Austin MA, Hokanson JE, Edwards KL. Hypertriglyceridemia as a cardiovascular risk factor. Am .J.Cardiol. 1998;81 :7B-12B. 
101. Feingold KR, Marshall M, Gulli R, Moser AH, Grunfeld C. Effect of endotoxin and cytokines on lipoprotein lipase activity in mice. 

Arterioscler.Thromb. 1994;14:1866-72. 
1 02. Khovidhunkit W, Memon RA, Feingold KR, Grunfeld C. Infection and inflammation-induced proatherogenic changes of lipoproteins. 

J.lnfect.Dis. 2000;181 :S462-S472. 
103. Cabana VG, Lukens JR, Rice KS, Hawkins TJ, Getz GS. HDL content and composition in acute phase response in three species: 

triglyceride enrichment of HDL a factor in its decrease. J.Lipid Res. 1996;37:2662-7 4. 
104. Tietge UJF, Maugeais C, Cain W, Grass D, Glick JM, de Beer FC et al. Overexpression of secretory phospholipase A2 causes rapid 

catabolism and altered tissue uptake of high density lipoprotein cholesteryl ester and apolipoprotein A-1. J.Bioi.Chem. 
2000;275:1 0077-84. 

1 05. Auerbach BJ, Parks JS. Lipoprotein abnormalities associated with lipopolysaccharide-induced lecithin:cholesterol acyltransferase and 
lipase deficiency. J.Bioi.Chem. 1989;264 :10264-70. 

106. Kisilevsky R, Subrahmanyan L. Serum amyloid A changes high density lipoprotein's cellular affinity. Lab Invest 1992;66:778-85. 

21 



107. Van Lenten BJ, Hama SY, de Beer FC, Stafforini DM, Mcintyre TM, Prescott SM et al. Anti-inflammatory HDL becomes pro
inflammatory during the acute phase response. J.Ciin.lnvest. 1995;96:2758-67. 

108. Bausserman LL, Herbert PN, Rodger R, Nicolosi RJ . Rapid clearance of serum amyloid A from high-density lipoproteins. 
Biochim.Biophys.Acta 1984;792:186-91 . 

109. Artl A, Marsche G, Lestavel S, Sattler W, Malle E. Role of serum amyloid A during metabolism of acute-phase HDL by macrophages. 
Arterioscler.Thromb.Vasc.Biol. 2000;20:763-72. 

110. Lim LH, Sol ito E, Russo-Marie F, Flower RJ, Perretti M. Promoting detachment of neutrophils adherent to murine postcapillary 
venules to control inflammation: effect of lipocortin 1. Proc.Nati.Acad.Sci.USA 1998;95:14535-9. 

111. Visser M, Souter LM, McQuillan GM, Wener MH, Harris TB. Elevated C-reactive protein levels in overweight and obese adults. JAMA 
1999;282:2131-5. 

112. Mantzoros CS, Moschos S, Avramopoulos I, Kaklamani V, Liolios A, Doulgerakis DE et al. Leptin concentrations in relation to body 
mass index and the tumor necrosis factor-a system in humans. J.Ciin.Endocrinoi.Metab. 1997;82:3408-13. 

113. Vgontzas AN, Papanicolaou DA, Bixler EO, Hopper K, Lotsikas A, Lin H-M et al. Sleep apnea and daytime sleepiness and fatigue: 
relation to visceral obesity, insulin resistance, and hypercytokinemia. J.Ciin.Endocrinoi.Metab. 2000;85:1151 -8. 

114. Caswell M, Pike LA, Bull BS, Stuart J. Effect of patient age on tests of the acute-phase response. Arch.Pathoi.Lab.Med. 
1993;117:906-1 0. 

115. Hasday JD, Bascom R, Costa JJ, Fitzgerald T, Dubin W. Bacterial endotoxin is an active component of cigarette smoke. Chest 
1999;115:829-35. 

116. Wiedermann CJ, Kiechl S, Dunzendorfer S, Schratzberger P, Egger G, Oberhollenzer Fetal. Association of endotoxemia with 
carotid atherosclerosis and cardiovascular disease - Prospective results from the Bruneck Study. J.Am.Coii.Cardiol. 1999;34:1975-
81. 

117. Reaven GM. Role of insulin resistance in human disease. Diabetes 1988;37:1595-607. 
118. Yudkin JS, Stehouwer CDA, Emeis JJ, Coppack SW. C-reactive protein in healthy subjects: Associations with obesity, insulin 

resistance, and endothelial dysfunction. A potential role for cytokines originating from adipose tissue? Arterioscler.Thromb.Vasc.Biol. 
1999;19:972-8. 

119. Pickup JC, Crook MA. Is Type II diabetes mellitus a disease of the innate immune system? Diabetologia 1998; 41:1241 -8. 
120. Pickup JC, Mattock MB, Chusney GD, Burt D. NIDDM as a disease of the innate immune system: association of acute-phase 

reactants and interleukin-6 with metabolic syndrome X. Diabetologia 1997;40:1286-92. 
121. Fernandez-Real J-M, Ricart W. Insulin resistance and inflammation in an evolutionary perspective: the contribution of cytokine 

genotype/phenotype to thriftiness. Diabetologia 1999;42: 1367-7 4. 
122. Fernandez-Real J-M, Ricart-Engel W, Arroyo E, Balanca R, Casamitjana-Abella R, Cabrera D et al. Serum ferritin as a component of 

the insulin resistance syndrome. Diabetes Care 1998;21 :62-8. 
123. Pickup JC, Chusney GD, Mattock MB. The innate immune response and type 2 diabetes: evidence that leptin is associated with a 

stress-related (acute-phase) reaction. Clin .Endocrinoi.(Oxf.) 2000;52: 1 07-12. 
124. Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V. Inflammation, obesity, stress and coronary heart diseas: is interleukin-6 the 

link? Atherosclerosis 2000;148:209-14. 
125. McCarty MF. lnterleukin-6 as a central mediator of cardiovascular risk associated with chronic inflammation, smoking, diabetes, and 

visceral obesity: down-regulation with essential fatty acids, ethanol and pentoxifylline. Medical Hypotheses 1999;52:465-77. 
126. Kopf M, Baumann H, Freer G, Freudenberg M, Lamers M, Kishimoto T et al. Impaired immune and acute-phase responses in 

interleukin-6-deficient mice. Nature 1994;368:339-42. 
127. Marino MW, Dunn A, Grail D, Inglese M, Noguchi Y, Richards E et al. Characterization of tumor necrosis factor-deficient mice. 

Proc.Nati.Acad.Sci.USA 1997;94:8093-8. 
128. Mohamed-Aii V, Goodrick S, Rawesh A, Katz DR, Miles JM, Yudkin JS et al. Subcutaneous adipose tissue releases interleukin-6, but 

not tumor necrosis factor-a, in vivo. J.Ciin.Endocrinoi.Metab. 1997;82:4196-200. 
129. Fried SK, Bunkin DA, Greenberg AS. Omental and subcutaneous adipose tissues of obese subjects release interleukin-6: depot 

difference and regulation by glucocorticoid. J.Ciin.Endocrinoi.Metab. 1998;83:847-50. 
130. Tsigos C, Kyrou I, Chala E, Tsapogas P, Stavridis JC, Raptis SA et al. Circulating tumor necrosis factor alpha concentrations are 

higher in abdominal versus peripheral obesity. Metabolism 1999;48: 1332-5. 
131. Fishman D, Faulds G, Jefferey R, Mohamed-Aii V, Yudkin JS, Humphries Setal. The effect of novel polymorphisms in the 

interluekin-6 (IL-6) gene on IL-6 transcription and plasma IL-6 levels, and an association with systemic-onset juvenile chronic arthritis. 
J.Ciin.lnvest. 1999;102:1369-76. 

132. Fernfmdez-Real JM, Brach M, Vendrell J, Gutierrez C, Casamitjana R, Pugeat Metal. lnterleukin-6 gene polymorphism and insulin 
sensitivity. Diabetes 2000;49:517 -20. 

133. Fernandez-Real J-M, Brach M, Vendrell J, Richart C, Ricart W. lnterleukin-6 gene polymorphism and lipid abnormalities in healthy 
subjects. J.Ciin. Endocrinol. Metab. 2000;85: 1334-9 . 

134. Huber SA, Sakkinen P, Conze D, Hardin N , Tracy R. lnterleukin-6 exacerbates early atherosclerosis in mice. 
Arterioscler.Thromb.Vasc.Biol. 1999;19:2364-7 . 

135. Jurado RL. Iron, infections, and the anemia of inflammation. Clin.lnfect.Dis. 1997;25:888-95. 
136. Boelen A, Maas MAW, Lowik CWGM, Platvoet MC, Wiersinga WM. Induced illness in interleukin-6 (IL-6) knock-out mice: A causal 

role of IL-6 in the development of the low 3,5, 3'-tri iodothyronine syndrome. Endocrinology 1996;137:5250-4. 
137. Yudkin JS, Yajnik CS, Mohamed-Aii V, Bulmer K. High levels of circulating proinflammatory cytokines and leptin in urban, but not 

rural, Indians. Diabetes Care 1999;22:363-4. 

22 


