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Background: Chronic low-grade inflammation may con-
tribute to the increased risk of atherosclerosis in visceral
obesity. Statin and fish oil have been reported to have
antiinflammatory effects. We studied whether dyslipi-
demic, obese individuals have increased plasma high-
sensitivity C-reactive protein (hs-CRP) concentrations
and whether treatment with atorvastatin and fish oil
lowered plasma hs-CRP concentrations.
Methods: We compared plasma hs-CRP, interleukin-6
(IL-6), and tumor necrosis factor-� (TNF-�) concentra-
tions in 48 obese individuals with the concentrations in
10 lean normolipidemic men. The obese individuals
were then randomized to treatment with atorvastatin (40
mg/day), fish oil (4 g/day), atorvastatin plus fish oil, or
matching placebo for 6 weeks.
Results: Compared with controls, obese individuals had
increased hs-CRP [geometric mean, 2.19 mg/L (95%
confidence interval, 2.15–3.15 mg/L) vs 0.49 mg/L (0.30–
0.93 mg/L); P <0.001] and IL-6 [351 pg/L (318–449 pg/L)
vs 251 pg/L (211–305 pg/L); P <0.01]. Atorvastatin treat-
ment had a significant main effect of decreasing plasma
hs-CRP (�0.87 mg/L; 95% confidence interval, �0.10 to
�1.60 mg/L; P <0.01) and IL-6 (�70 pg/L; 10 to �140
pg/L; P <0.01), but this was not seen with fish oil. The
reductions in hs-CRP with atorvastatin were not signif-
icantly correlated to changes in plasma lipids, IL-6,
insulin resistance, or cholesterogenesis. Plasma TNF-�
concentrations in obese individuals, however, were nei-
ther statistically different from concentrations in the

lean controls nor altered with atorvastatin or fish oil
treatment.
Conclusions: This study shows that visceral obesity is
associated with increased plasma hs-CRP and IL-6 and,
hence, a low-grade chronic inflammatory state and that
treatment with atorvastatin or atorvastatin with fish oil,
but not fish oil alone, reverses this abnormality.
© 2002 American Association for Clinical Chemistry

Atherosclerosis has been recognized as a chronic inflam-
matory process (1 ). Prospective studies have shown that
increased plasma concentrations of high-sensitivity C-
reactive protein (hs-CRP),1 a sensitive marker for low-
grade inflammation, are associated with increased risk of
cardiovascular events (2 ). Obesity is a major risk factor for
cardiovascular disease (CVD). The precise reason for the
increased risk of CVD in obesity remains unclear, but it
may be attributable to insulin resistance and dyslipidemia
(3 ). Increasing evidence suggests that increased hs-CRP
concentrations are also associated with obesity and a
cluster of altered metabolic risk factors related to visceral
obesity, such as hyperinsulinemia, hypertriglyceridemia,
and low HDL (4–8). Increased hs-CRP may therefore be a
risk factor contributing to the increased risk of CVD in
visceral obesity, and this remains to be elucidated.

Hydroxymethylglutaryl-CoA reductase inhibitors
(statins) and fish oil are well-known lipid-regulating
agents (9, 10). Statins lower plasma cholesterol, LDL-
cholesterol (LDL-C), and apolipoprotein B (apoB) by
inhibiting cholesterol synthesis and up-regulating hepatic
receptor-mediated clearance of apoB-containing lipopro-
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teins (9 ). Fish oil lowers endogenous hypertriglyceride-
mia by inhibiting triglyceride synthesis and triglyceride-
rich VLDL-apoB secretion (10 ). Clinical trials with statins
or fish oil have demonstrated a significant reduction in
cardiovascular events (11–14). These may be related not
only to the beneficial effects on plasma lipids, but also to
other non-lipid-lowering benefits of these agents, includ-
ing antiinflammatory effects (15–17).

The effects of statins and fish oil on inflammatory
markers and, in particular, plasma hs-CRP have not yet
been examined in obesity. We therefore studied whether
dyslipidemic viscerally obese individuals have increased
plasma hs-CRP concentrations and whether randomized
treatments with atorvastatin and fish oil reduce hs-CRP
concentrations.

Materials and Methods
patients
We recruited 48 obese men [body mass index (BMI) �29
kg/m2; waist circumference �100 cm; waist-to-hip ratio
�0.97] with dyslipidemia at screening (total cholesterol
�5.2 mmol/L and triglycerides �1.2 mmol/L) and 10
normolipidemic lean men of similar age for the study.
None of the participants had diabetes mellitus (excluded
by oral glucose tolerance test), macroproteinuria, creatine-
mia (�120�mol/L), hypothyroidism, abnormal liver and
muscle enzymes, or consumed �30 g of alcohol/day.
None reported a history of CVD or familial hyperlipid-
emia or were taking medication or other agents known to
affect lipid metabolism or inflammatory response. The
study was approved by the Royal Perth Hospital Ethics
Committee, and all participants gave informed written
consent.

cross-sectional study and intervention
At baseline, venous blood was collected from all partici-
pants after an overnight fast (14 h) in a semirecumbent
position for all biochemical measurements. Obese indi-
viduals then entered a randomized, double-blind, place-
bo-controlled intervention trial involving a 3-week run-in
period during which they were required to continue
habitual diets and to demonstrate that body weight did
not vary by more than 2%. At the end of this period they
were randomized to one of the four treatment groups for
6 weeks: 40 mg/day atorvastatin (placebo, 4 g/day corn
coil); OmacorTM capsules, 4 g/day [45% eicosapentaenoic
acid (EPA) and 39% docosahexaenoic acid (DHA) as ethyl
esters; plus atorvastatin placebo]; 40 mg/day atorvastatin
plus 4 g/day Omacor; or atorvastatin placebo plus 4
g/day corn oil (placebo group). All were advised to
continue their habitual isocaloric diet and to keep physical
exercise constant. Compliance with the atorvastatin and
fish oil regimen was checked by tablet count at weeks 3
and 6. Evidence of adherence to the fish oil capsules in the
fish and atorvastatin-plus-fish oil groups was also ob-
tained from measurement of plasma EPA and DHA
concentrations. Clinical and nutritional details were re-

corded at the start and end of the study. Dietary intake
was assessed for energy and major nutrients, using at
least two 24-h dietary diaries at the beginning and end of
the study. Diets were subsequently analyzed using DIET
4 Nutrient Calculation Software (Xyris Software).

biochemical methods
Plasma triglyceride and cholesterol concentrations were
determined by standard enzymatic methods on a Hitachi
917 Biochemical Analyzer. HDL-C was measured by a
homogeneous, enzymatic colorimetric method using a
commercial reagent set (Roche Diagnostics). LDL-C was
calculated using the Friedewald equation. Non-HDL-C
was derived as total cholesterol minus HDL-C. Plasma
apoB and apoA-I were determined by immunonephelom-
etry. Plasma hs-CRP was measured using a high-sensitiv-
ity monoclonal antibody assay (Dade Behring Marburg
GmbH), as described previously (18 ). According to the
manufacturer’s instructions, the lowest detection limit is
�0.0175 mg/L. Plasma interleukin-6 (IL-6) and tumor
necrosis factor-� (TNF-�) were measured by immunoas-
say (R&D Systems). Plasma nonesterified fatty acids
(NEFAs) were measured by an enzymatic, colorimetric
method using a commercial reagent set (Randox). Plasma
insulin was measured by RIA (DiaSorini s.r.l.). Plasma
glucose concentrations were measured by an hexokinase

Table 1. Clinical and biochemical characteristics of
participants at baseline.a

Lean
(n � 10)

Obese
(n � 48)

Age, years 53.1 � 9.0 53.5 � 9.0
Body weight, kg 78 � 12.0 104 � 15b

BMI, kg/m2 24.8 � 2.9 33.6 � 4.1b

Waist, cm 91.0 � 9.0 113 � 9b

Waist-to-hip ratio 0.92 � 0.06 1.01 � 0.05b

Systolic blood pressure,
mmHg

122 � 12 133 � 15

Diastolic blood pressure,
mmHg

71.9 � 8.3 78.5 � 10.1

Fasting NEFAs, mmol/L 0.28 � 0.10 0.29 � 0.13
Fasting glucose, mmol/L 5.35 � 0.25 5.46 � 0.72
Fasting insulin, mIU/L 23.9 � 4.2 33.8 � 11.4b

Insulin resistance,
HOMA score

5.70 � 1.20 8.36 � 3.68b

Total cholesterol, mmol/L 4.33 � 0.34 5.95 � 0.75b

Total triglycerides, mmol/L 0.77 � 0.25 1.90 � 0.77b

HDL-C, mmol/L 1.28 � 0.30 1.04 � 0.21c

LDL-C, mmol/L 2.70 � 0.33 3.89 � 0.68b

apoA-I, mg/L 1310 � 210 1240 � 180
apoB-100, mg/L 780 � 110 1280 � 190b

hs-CRP, mg/L 0.49 (0.30–0.93) 2.19 (2.15–3.15)b

IL-6, pg/L 251 (211–305) 351 (318–449)d

TNF-�, pg/L 453 (367–576) 446 (424–488)
a Data are presented as mean � SD unless otherwise indicated. hs-CRP, IL-6,

and TNF-� are given as geometic mean (95% CI).
b–d Compared with lean controls by unpaired t-test: b P �0.001; c P �0.05;

d P �0.01.
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method on the Hitachi 917. Insulin resistance was esti-
mated by homeostasis model assessment (HOMA) as
described by Matthews et al. (19 ). The plasma lathosterol
concentration was assayed by a modification of the
method of Mori et al. (20 ). Plasma EPA and DHA con-
centrations were measured using gas chromatography
with a Model 5980A gas chromatograph equipped with a
3393A computing integrator (Hewlett-Packard) as de-
scribed by Mori et al. (21 ). Plasma liver (alanine amino-
transferase, aspartate aminotransferase, and alkaline
phosphatase) and muscle (creatinine kinase) enzymes
were measured at the beginning and end of the study. The
interassay CVs for all measurements were �5%.

statistical analysis
All analyses were carried out using SPSS 10.1 (SPSS
Software). Because the distributions of hs-CRP, IL-6, and
TNF-� were skewed, they were natural-log-transformed
for all analyses. Two-group comparisons (obese vs lean
individuals) were performed with independent t-tests.
Within-group comparisons were performed with paired
t-tests. Differences between the four obese groups were
determined by one-way ANOVA. General linear model-
ing with adjustment for differences in baseline covariates
was used to assess the main and interactive effects of
atorvastatin and fish oil. Associations between hs-CRP
and clinical and biochemical variables were assessed by
linear regression of log hs-CRP on each variable sepa-
rately. Statistical significance was defined as P �0.05.

Results
The clinical and biochemical characteristics of the obese
and lean men are shown in Table 1. Age and blood
pressures were not significantly different between the
groups. The obese group had a significantly higher body
weight, BMI, waist circumference, and waist-to-hip ratio
compared with the lean group (P �0.001). Although
plasma glucose and NEFAs were not significantly differ-
ent between groups, plasma insulin concentrations and
HOMA scores were significantly higher in the obese
group (P �0.001). The obese group had significantly
higher plasma cholesterol, triglycerides, LDL-C, and apoB
(P �0.001), but lower HDL-C (P �0.05) compared with
the lean men. Mean daily energy intake was significantly
higher in the obese than in controls (9904 � 197 vs 7316 �
682 kJ; P � 0.004). The proportion of energy intake from
carbohydrates, protein, fat, and alcohol did not differ
between the two groups.

Plasma hs-CRP was 4.5-fold higher in the obese group
than in the lean group: geometric mean, 2.19 mg/L [95%
confidence interval (CI), 2.15–3.15 mg/L] vs 0.49 mg/L
(0.30–0.93 mg/L); P �0.001. Plasma IL-6 was also higher
in the obese group than in the lean group: 351 pg/L (95%
CI, 318–449 pg/L) vs 251 pg/L (211–305 pg/L); P �0.01.
However, there was no statistically significant difference
in plasma TNF-� concentrations between the two groups.
In the obese group, plasma hs-CRP was significantly and
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positively associated with BMI (r � 0.342; P �0.05), IL-6
(r � 0.324; P �0.05), and insulin (r � 0.342; P �0.05) and
inversely correlated with HDL-C (r � �0.325; P �0.05).

Capsule counts confirmed that compliance with ran-
domization to active intervention or placebo was �95%.
Plasma EPA and DHA concentrations also increased,
from 1.0% � 0.4% to 3.5% � 1.3% and from 1.6% � 0.5%
to 3.1% � 0.8% (both P �0.001), respectively, confirming
therapeutic compliance with fish oil capsules in the two
groups concerned. No participants reported untoward
clinical side effects or showed significant increases in liver
or muscle enzymes. Body weight, waist circumference,
waist-to-hip ratio, BMI, blood pressures, plasma glucose,
and insulin did not alter significantly before and after
treatments (data not shown). Dietary intake of carbohy-
drate, fat, protein, alcohol, and total energy did not alter
significantly in either of the treatment groups during the
study.

The plasma lipid, lipoprotein, apolipoprotein, latho-
sterol, hs-CRP, IL-6, and TNF-� concentrations and
HOMA scores before and after treatment in the 48 obese
participants studied are shown in Table 2. There were no
significant interactions between atorvastatin and fish oil
treatments for any of the variables. As expected, atorva-
statin treatment had significant main effects of decreasing
total cholesterol, triglycerides, LDL-C, apoB, and latho-
sterol and increasing HDL-C (P �0.05). Fish oil also had a
significant main effect of lowering plasma triglycerides
and increasing HDL-C (P �0.05). The HOMA score did
not alter significantly on either atorvastatin or fish oil
treatments.

The pre- and posttreatment plasma hs-CRP, IL-6, and
TNF-� concentrations are shown in Fig. 1. Atorvastatin
had a significant main effect of lowering plasma hs-CRP
concentrations (�0.87 mg/L; 95% CI, �0.10 to �1.60
mg/L; P �0.01). This was paralleled by a significant
reduction in plasma IL-6 concentrations with atorvastatin
(�70 pg/L; 95% CI, 10 to �140 pg/L; main treatment
effect, P �0.01). Plasma TNF-� concentrations did not
alter significantly with atorvastatin or fish oil treatments.
The average decrease in plasma CRP in patients treated
with atorvastatin and atorvastatin plus fish oil was 40% (P
�0.05), but the absolute concentrations remained signifi-
cantly higher than in controls. In patients on placebo and
fish oil, the mean change in plasma CRP was �2% (P
�0.05). In the atorvastatin-treated groups, the change in
CRP was not significantly correlated with other variables
and particularly with plasma IL-6, LDL-C, lathosterol,
insulin, or HOMA score.

Discussion
We confirmed that viscerally obese men have a signifi-
cantly higher plasma concentration of hs-CRP than lean
men, consistent with a low-grade chronic inflammatory
state in obesity. The novel finding of our study was that
treatment with atorvastatin was associated with signifi-
cant reductions in plasma hs-CRP, but this was not seen

with fish oil treatment alone. The change in hs-CRP with
atorvastatin was not related to changes in plasma lipids,
insulin resistance, and rate of cholesterogenesis as mea-
sured by plasma lathosterol.

Fig. 1. Pre- (�) and posttreatment (u) fasting plasma hs-CRP (A), IL-6
(B), and TNF-� (C) concentrations in the four groups.
Geometric means and 95% CIs (error bars) are shown. a, main treatment effect
of atorvastatin was statistically significant; P �0.01. Significance within treat-
ment group compared by t-test: b, P �0.01; c, P �0.05.
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This is the first study to examine the antiinflammatory
effects of atorvastatin and fish oil on plasma hs-CRP
concentrations in obese individuals. Previous studies only
examined the effect of statins on plasma hs-CRP in
individuals with atherosclerosis or hyperlipidemia (22–
25). None of these reports referred specifically to obesity.
The effect of fish oil supplementation on plasma hs-CRP
has surprisingly not been reported previously.

CRP may be associated with the initiation and progres-
sion of atherosclerotic disease by several mechanisms.
These include enhancement of leukocyte reactivity, com-
plement fixation, aggregation of lipoproteins, and modu-
lation of platelet activation (26–28). The synthesis of CRP
by the liver is largely regulated by the cytokine IL-6 (29 ).
The activated leukocyte is widely assumed to be the major
source of circulating IL-6 (30 ). Adipose tissue is also a
major determinant for hs-CRP concentrations. Recent
reports indicate that IL-6 is also produced by the adipo-
cyte in vivo in proportion to fat mass (31 ). Thus, excess
adiposity in obesity could increase the release of IL-6 from
adipose tissue and may increase CRP expression. Energy
restrictions and weight loss in obese individuals have
been associated with a decrease in plasma hs-CRP (32 ).
Furthermore, increased hs-CRP has been reported in
diabetic patients, suggesting a link between hs-CRP and
insulin resistance (33 ). Decreased insulin sensitivity may
lead to enhanced CRP expression by counteracting the
physiologic effect of insulin on hepatic acute-phase pro-
tein synthesis (34 ). Our results are consistent with the
notion that increased plasma hs-CRP is associated with
IL-6 concentrations and that a chronic low-grade inflam-
matory state is a feature of the metabolic syndrome of
visceral obesity.

The precise antiinflammatory mechanism of statins in
decreasing plasma hs-CRP in humans is not fully under-
stood. However, several suggestions have been made in
experimental studies that may explain the antiinflamma-
tory effect of statins. These include inhibition of macro-
phage activity and subsequent production of cytokines
and tissue factors (35 ) and reduction in inflammatory cell
function by inhibition of matrix metalloproteinase activity
(36 ). Consistent with the regulatory role of IL-6 on CRP
synthesis (30 ), the significant reduction in plasma IL-6
concentrations with atorvastatin in our study may there-
fore partly account for the reduction in plasma hs-CRP
concentrations. Statins may also reduce plasma hs-CRP
concentrations by direct inhibition of CRP production
through IL-6-independent mechanisms (37 ). Therefore,
the absence of a significant association between changes
in plasma hs-CRP and IL-6 concentrations with atorvasta-
tin was not unexpected, particularly because we studied a
relatively small sample size. Statin-induced inhibition of
the Rho-signaling pathway may activate peroxisome pro-
liferator-activated receptor-� and subsequently interfere
with the mitogen-activated protein kinase cascade or
nuclear factor-�B pathway; this may account for an anti-
inflammatory effect (38 ). Consistent with previous re-

ports in other patient groups treated with other statins,
our findings demonstrate that the major effect of atorva-
statin was in decreasing plasma hs-CRP concentrations.
Interestingly, this effect was independent of changes in
the HOMA score and plasma lathosterol, suggesting
mechanisms that may not directly involve alterations in
insulin sensitivity or cholesterol synthesis. TNF-� is syn-
thesized by adipocytes, and its metabolism is not as
directly linked to CRP as that of IL-6. Hence, the absence
of a significant decrease in TNF-� concentrations suggests
that statins may have divergent effects on inflammatory
pathways in obesity. That TNF-� did not alter with
atorvastatin is also consistent with a lack of effect of
atorvastatin on insulin resistance.

The synthesis of proinflammatory cytokines by periph-
eral monocytes has reportedly been suppressed by dietary
fish oil supplementation (39 ). This suppression may
therefore possibly lead to inhibition of CRP expression in
the liver. In this study, fish oil supplementation alone had
no significant effect on plasma hs-CRP in obese men.
There are several possible explanations for our findings.
For example, it is possible that small deleterious effects of
fish oil on insulin sensitivity, as reflected by a small
increase in the HOMA score (Table 2), might have stim-
ulated CRP synthesis and counteracted the inhibitory
effect of cytokines on CRP expression. Subtle changes in
insulin sensitivity should preferably have been measured
with a hyperinsulinemic, euglycemic clamp (40 ). Never-
theless, HOMA scores are well correlated with the clamp
technique (19 ). We have shown in a factorial study that
atorvastatin decreased both CRP and IL-6, but not TNF-�.
This subacute effect may have implications for changes in
arterial function and for acute coronary syndromes. The
lack of effect of fish oil on plasma markers of inflamma-
tion in obesity was unexpected, but is a real result. We
agree that a true treatment effect of fish oil might have
been seen in a larger study. Such a study would have
required a prohibitively large sample size, given that CRP
decreased by only 2% with fish oil in our study.

The results of the present study are potentially clini-
cally important. Low-grade chronic inflammation has
been shown to be associated with increased risk of vas-
cular disease. Recent epidemiologic studies have also
demonstrated that plasma hs-CRP concentrations predict
future coronary events among apparently healthy indi-
viduals (41 ). Our result showing that obese men have
increased plasma hs-CRP concentrations may explain
some of the increased risk of cardiovascular disease in
obese individuals. Therefore, measurement of hs-CRP
may be a potential marker for risk assessment in the
primary prevention of CVD (42 ). Although not all clinical
trials support the notion that statins potentially prevent
diabetes (43 ), the West of Scotland Coronary Prevention
Study Group has recently reported that statins reduce the
incidence of type 2 diabetes (44 ) and that this may be
related to its antiinflammatory effects. Because there is a
close relationship between obesity and the development
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of type 2 diabetes, the use of statins in treating dyslipide-
mia in visceral obesity may have additional benefits in the
prevention or delay of the onset of diabetes in obese
individuals. Our findings suggest that statins may be used
as a first-line therapy for improving the plasma lipids
profile as well as the chronic low-grade inflammatory
state in obesity.

Although fish oil supplementation had no effect on
plasma hs-CRP, the addition of fish oil to statins may
further optimize the latter’s lipid-regulating effects by
enhancing a decrease in plasma triglycerides and increase
in HDL-C. Because the posttreatment concentrations of
plasma hs-CRP were not normalized, the incremental
antiinflammatory effects of weight reduction (32 ), insulin
sensitizers (45 ), fibrates (46 ), or aspirin (47 ) added to a
statin may be required to correct this abnormality.

This study was supported by grants from the National
Heart Foundation of Australia, the National Health Med-
ical Research Council of Australia, the Medical Research
Fund of the Royal Perth Hospital, Pfizer Australia, and
NIH (Grant RR12609). P.H.R. is a National Heart Foun-
dation Career Development Fellow. Omacor capsules and
corn oil were a generous gift from Provona Biocare (Oslo,
Norway). We are grateful to the nursing staff of the
Clinical Research Studies Unit of the University Depart-
ment of Medicine (Royal Perth Hospital, University of
Western Australia) for providing expert clinical assis-
tance.

References
1. Ross R. Atherosclerosis is an inflammatory disease. Am Heart J

1999;138:S419–20.
2. Rifai N, Ridker PM. High-sensitivity C-reactive protein: a novel and

promising marker of coronary heart disease. Clin Chem 2001;47:
403–11.

3. Despres JP, Moorjani S, Lupien PJ, Tremblay A, Nadeau A,
Bouchard C. Regional distribution of body fat, plasma lipoproteins,
and cardiovascular disease. Atherosclerosis 1990;10:497–511.

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

5. Hak AE, Stehouwer CD, Bots ML, Polderman KH, Schalkwijk CG,
Westendorp IC, et al. Associations of C-reactive protein with
measures of obesity, insulin resistance, and subclinical athero-
sclerosis in healthy, middle-aged women. Arterioscler Thromb
Vasc Biol 1999;19:1986–91.

6. Festa A, D’Agostino R Jr, Howard G, Mykkanen L, Tracy RP, Haffner
SM. Chronic subclinical inflammation as part of the insulin resis-
tance syndrome: the Insulin Resistance Atherosclerosis Study
(IRAS). Circulation 2000;102:42–7.

7. Chambers JC, Eda S, Bassett P, Karim Y, Thompson SG, Gallimore
JR, et al. C-Reactive protein, insulin resistance, central obesity,
and coronary heart disease risk in Indian Asians from the United
Kingdom compared with European whites. Circulation 2001;104:
145–50.

8. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. C-Reactive
protein in healthy subjects: associations with obesity, insulin
resistance, and endothelial dysfunction: a potential role for cyto-

kines originating from adipose tissue? Arterioscler Thromb Vasc
Biol 1999;19:972–8.

9. Goldstein JL, Brown MS. Regulation of low-density lipoprotein
receptors: implications for pathogenesis and therapy of hypercho-
lesterolemia and atherosclerosis. Circulation 1987;76:504–7.

10. Harris WS. n-3 fatty acids and serum lipoproteins: human studies.
Am J Clin Nutr 1997;65:S1645–54.

11. The Scandinavian Simvastatin Survival Study Group. Randomized
trial of cholesterol lowering in 4444 patients with coronary heart
disease: the Scandinavian Simvastatin Survival Study (4S). Lan-
cet 1994;344:1383–9.

12. Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, MacFarlane
PW, et al. Prevention of coronary heart disease with pravastatin in
men with hypercholesterolemia. West of Scotland Coronary Pre-
vention Study Group. N Engl J Med 1995;333:1301–7.

13. GISSI-Prevenzione Investigators. Dietary supplementation with n-3
polyunsaturated fatty acids and vitamin E after myocardial infarc-
tion: results of the GISSI-Prevenzione trial. Lancet 1999;354:
447–55.

14. Bucher HC, Griffith LE, Guyatt GH. Effect of HMGcoA reductase
inhibitors on stroke: a meta-analysis of randomized, controlled
trials. Ann Intern Med 1998;128:89–95.

15. Rosenson RS, Tangney CC. Antiatherothrombotic properties of
statins: implications for cardiovascular event reduction. JAMA
1998;279:1643–50.

16. Davignon J, Laaksonen R. Low-density lipoprotein-independent
effects of statins. Curr Opin Lipidol 1999;10:543–59.

17. Gorlin R. The biological actions and potential clinical significance
of dietary omega-3 fatty acids. Arch Intern Med 1998;148:
2043–8.

18. Rifai N, Tracy RP, Ridker PM. Clinical efficacy of an automated
high-sensitivity C-reactive protein assay. Clin Chem 1999;45:
2136–41.

19. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance
and �-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 1985;28:412–9.

20. Mori TA, Croft KD, Puddey IB, Beilin LJ. Analysis of native and
oxidized low-density lipoprotein oxysterols using gas chromatog-
raphy-mass spectrometry with selective ion monitoring. Redox
Rep 1996;2:25–31.

21. Mori TA, Burke V, Puddey IB, Watts GF, O’Neal DN, Best JD, et al.
Purified eicosapentaenoic and docosahexaenoic acids have dif-
ferential effects on serum lipids and lipoproteins, LDL particle
size, glucose, and insulin in mildly hyperlipidemic men. Am J Clin
Nutr 2000;71:1085–94.

22. Albert MA, Danielson E, Rifai N, Ridker PM. Effect of statin therapy
on C-reactive protein levels: the pravastatin inflammation/CRP
evaluation (PRINCE): a randomized trial and cohort study. PRINCE
Investigators. JAMA 2001;286:64–70.

23. Ridker PM, Rifai N, Pfeffer MA, Sacks F, Braunwald E. Long-term
effects of pravastatin on plasma concentration of C-reactive
protein. The Cholesterol and Recurrent Events (CARE) Investiga-
tors. Circulation 1999;100:230–5.

24. Jialal I, Stein D, Balis D, Grundy SM, Adams-Huet B, Devaraj S.
Effect of hydroxymethyl glutaryl coenzyme a reductase inhibitor
therapy on high sensitive C-reactive protein levels. Circulation
2001;103:1933–5.

25. Horne BD, Muhlestein JB, Carlquist JF, Bair TL, Madsen TE, Hart
NI, et al. Statin therapy, lipid levels, C-reactive protein and the
survival of patients with angiographically severe coronary artery
disease. J Am Coll Cardiol 2000;36:1774–80.

26. 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.

882 Chan et al.: Atorvastatin and Fish Oil Treatments and Plasma hs-CRP
D

ow
nloaded from

 https://academ
ic.oup.com

/clinchem
/article/48/6/877/5641698 by guest on 16 August 2022



27. Wolbink GJ, Brouwer MC, Buysmann S, ten Berge IJ, Hack CE.
CRP-mediated activation of complement in vivo: assessment by
measuring circulating complement-C-reactive protein complexes.
J Immunol 1996;157:473–9.

28. Pepys MB, Rowe IF, Baltz ML. C-Reactive protein: binding to lipids
and lipoproteins. Int Rev Exp Pathol 1985;27:83–111.

29. Papanicolaou DA, Wilder RL, Manolagas SC, Chrousos GP. The
pathophysiologic roles of interleukin-6 in human disease. Ann
Intern Med 1998;128:127–37.

30. Cohen MC, Cohen S. Cytokine function: a study in biologic
diversity. Am J Clin Pathol 1996;105:589–98.

31. Mohamed-Ali V, Goodrick S, Rawesh A, Katz DR, Miles JM, Yudkin
JS, et al. Subcutaneous adipose tissue releases interleukin-6, but
not tumor necrosis factor-�, in vivo. J Clin Endocrinol Metab
1997;82:4196–200.

32. Heilbronn LK, Noakes M, Clifton PM. Energy restriction and weight
loss on very-low-fat diets reduce C-reactive protein concentrations
in obese, healthy women. Arterioscler Thromb Vasc Biol 2001;21:
968–70.

33. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-Reactive
protein, interleukin 6, and risk of developing type 2 diabetes
mellitus. JAMA 2001;286:327–34.

34. Campos SP, Baumann H. Insulin is a prominent modulator of the
cytokine-stimulated expression of acute-phase plasma protein
genes. Mol Cell Biol 1992;12:1789–97.

35. Williams JK, Sukhova GK, Herrington DM, Libby P. Pravastatin has
cholesterol-lowering independent effects on the artery wall of
atherosclerotic monkeys. J Am Coll Cardiol 1998;31:684–91.

36. Bellosta S, Via D, Canavesi M, Pfister P, Fumagalli R, Paoletti R,
et al. HMG-CoA reductase inhibitors reduce MMP-9 secretion by
macrophages. Arterioscler Thromb Vasc Biol 1998;18:1671–8.

37. Weinhold B, Ruther U. Interleukin-6-dependent and -independent
regulation of the human C-reactive protein gene. Biochem J
1997;327:425–9.

38. Genevieve M, Duez H, Blanquart C, Berezowski V, Poulain P,
Fruchart JC, et al. Statin-induced inhibition of the Rho-signaling

pathway activates PPAR� and induces HDL apoA-I. J Clin Invest
2001;107:1423–32.

39. Endres S, Ghorbani R, Kelley VE, Georgilis K, Lonnemann G, van
der Meer JW, et al. The effect of dietary supplementation with n-3
polyunsaturated fatty acids on the synthesis of interleukin-1 and
tumor necrosis factor by mononuclear cells. N Engl J Med
1989;320:265–71.

40. DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: a
method for quantifying insulin secretion and resistance. Am J
Physiol 1979;237:214–23.

41. Ridker PM, Hennekens CH, Buring JE, Rifai N. C-Reactive protein
and other markers of inflammation in the prediction of cardiovas-
cular disease in women. N Engl J Med 2000;342:836–43.

42. Ridker PM. High-sensitivity C-reactive protein: potential adjunct for
global risk assessment in the primary prevention of cardiovascular
disease. Circulation 2001;103:1813–8.

43. Jula A, Marniemi J, Huupponen R, Virtanen A, Rastas M, Ronne-
maa T. Effects of diet and simvastatin on serum lipids, insulin,
and antioxidants in hypercholesterolemic men: a randomized
controlled trial. JAMA 2002:287;598–605.

44. Freeman DJ, Norrie J, Sattar N, Neely RD, Cobbe SM, Ford I, et al.
Pravastatin and the development of diabetes mellitus: evidence
for a protective treatment effect in the West of Scotland Coronary
Prevention Study. Circulation 2001:103:357–62.

45. Aljada A, Garg R, Ghanim H, Mohanty P, Hamouda W, Assian E, et
al. Nuclear factor-�B suppressive and inhibitor �B stimulatory
effects of troglitazone in obese patients with type 2 diabetes:
evidence of an antiinflammatory action? J Clin Endocrinol Metab
2001:86;3250–6.

46. Staels B, Koenig W, Habib A, Merval R, Lebret M, Torra IP, et al.
Activation of human aortic smooth-muscle cells is inhibited by
PPAR� but not by PPAR� activators. Nature 1998;393:790–3.

47. Ridker PM, Miletich JP, Hennekens CH, Buring JE. Inflammation,
aspirin, and the risk of cardiovascular disease in apparently
healthy men. N Engl J Med 1997;336:973–9.

Clinical Chemistry 48, No. 6, 2002 883
D

ow
nloaded from

 https://academ
ic.oup.com

/clinchem
/article/48/6/877/5641698 by guest on 16 August 2022


