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Inflammation and the recruitment of monocytes into the artery wall are thought to be important aspects in the initiation and
progression of atherosclerosis. The present study was designed to examine the effects of a rigorous diet and exercise
intervention on plasma lipids and inflammatory and circulating adhesion molecules. Twenty postmenopausal women at risk
for coronary artery disease (CAD) were placed on a high-fiber, low-fat diet, where food was provided ad libitum and daily
aerobic exercise, primarily walking, was performed. In each subject, pre- and postintervention fasting blood was drawn for
serum lipid, insulin, glucose, C-reactive protein (CRP), serum amyloid A (SAA), interleukin-6 (IL-6) and both soluble (s)
intracellular and vascular adhesion molecule (sSICAM-1 and sVCAM-1) were measured. After 2 weeks, significant reductions
in body mass index (BMI) (P < .001), glucose (P < .05), insulin (P < .01), all serum lipids, and total cholesterol (total-C):
high-density lipoprotein-cholesterol (HDL-C) (P < .01). Reductions in homeostasis model assessment for insulin resis-
tance (HOMA-IR) (P < .01), CRP (P < .01), SAA (P < .01) and sICAM-1 (P < .05) were noted, as well as an increase in the
quantitative insulin sensitivity check index (P < .05). Reductions were also noted in 5 women not using hormone replacement
therapy (HRT). No significant reductions were found in IL-6 or sVCAM-1 in response to the intervention. Overall, this
intervention resulted in improved metabolic and lipid profiles, reduced inflammatory, and cell adhesion molecules in
postmenopausal women in the absence of caloric restriction. The rapid improvements may reduce the risk of acute
myocardial infarction (MI), and if sustained, these changes may mitigate the risk for atherosclerosis progression and its
clinical consequences.

© 2004 Elsevier Inc. All rights reserved.
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Table 1. Anthropometric and Metabolic Parameters in Postmenopausal Women Undergoing a 14-Day Diet and Exercise Intervention

Preintervention

Postintervention % Decrease

Body weight (kg) 84.4 = 14.6
BMI (kg/m?) 322+15

Blood glucose (mg/dL) 122.9 + 38.5
Insulin (uU/mL) 13.5 = 10.1
HOMA-IR 4.6 =43

QUICKI 0.32 + 0.03
Total-cholesterol (mg/dL) 2149 + 35.5
LDL-cholesterol (mg/dL) 119.0 £ 29.0
HDL-cholesterol (mg/dL) 62.9 + 18.5
Total-cholesterol/HDL-cholesterol 3.63 = 1.01
LDL-cholesterol/HDL-cholesterol 21+0.8

Triglycerides (mg/dL) 159.7 = 70.1

81.5 + 13.9* 4
30.7 = 1.2% 4
109.3 *+ 18.5* 1
10.0 = 7.3* 26
2.9 * 1.8% 34
0.34 = 0.04* -6
178.5 + 33.2* 17
96.9 + 25.8% 19
54.5 + 14.9* 13
3.48 = 1.13* 1
1.9+0.8 7
135.5 = 57.3* 15

NOTE. All data are expressed as mean = SD, N = 20.

Abbreviations: HOMA-IR, homeostasis-model assessment for insulin resistance; QUICKI, quantitative insulin-sensitivity check index.

*P = .01 post v pre.

10% to 15% of calories from fat (polyunsaturated/saturated fatty acid
ratio = 1.24), 15% to 20% of calories from protein, and 65% to 75%
of calories from carbohydrates, primarily unrefined. Carbohydrates
were in the form of high-fiber whole grains (=5 servings/d), vegetables
(=4 servings/d), fruits (=3 servings/d). Protein was primarily derived
from plant sources with nonfat dairy allowed for up to 2 servings/day.
Fish or fowl was served in 3%z oz portions 1 day per week and in soups
or casseroles 2 days per week. The diet contained <100 mg/d choles-
terol, and alcohol, tobacco, and caffeinated beverages were not allowed
during the program.

Prior to starting the exercise training, subjects underwent a graded
treadmill stress test according to a modified Bruce protocol to deter-
mine the appropriate individual level of exerciseintensity. Based on the
results, the subjects were provided with a training heart rate value and
given an individualized walking program. The exercise regimen con-
sisted of daily walking at the training heart rate for 45 to 60 minutes.
Thetraining heart rate was defined as 70% to 85% of the maximal heart
rate attained during the treadmill test.

Twelve-hour fasting blood samples were drawn from the subjectsin
Vacutainers (Becton-Dickinson Vacutainer Systems) containing serum
separation tube (SST) clot activating gel between 6:30 AM and 8 AM on
days 1 and 14 of the regimen. The blood was transported on ice to the
laboratory, and the serum was separated by centrifugation and stored at
—80°C until analyzed.

Determination of Serum Lipids, Insulin, and Glucose

Total-C, high-density lipoprotein-cholesterol (HDL-C), and triglyc-
eride (TG) levels were measured using standard enzymatic procedures
on an Olympus Autoanalyzer (Quest Laboratories, Teterboro, NJ). The
low-density lipoprotein-cholesterol (LDL-C) was calculated as follows:
LDL-C = total-C — [HDL-C + (TG/5)], as described by Friedewald et
a8 except when TG values were >400 mg/dL. Glucose concentration
was determined using standard enzymatic procedures on the Olympus
Autoanalyzer. Fasting insulin concentration was measured by radioim-
munoassay (Diagnostic Systems Laboratories, Webster, TX). Insulin
resistance was evaluated using homeostasis model assessment
(HOMA-IR), which has been utilized and correlated with insulin sen-
sitivity by the hyperinsulinemic-euglycemic clamp.®1° HOMA-IR was
calculated as [fasting insulin (uU/mL) X fasting glucose (mmol/L)]/
22.5. Quantitative insulin-sensitivity check index (QUICKI) is deter-
mined from amathematical transformation of fasting blood glucose and
plasma insulin levels and has been shown be to a surrogate for insulin
sensitivity that correlates well with the minimal model and the hyper-

insulinemic-euglycemic clamp. QUICKI = 1/[log(fasting insulin (nU/
mL)) + log(fasting glucose (mg/dL))]. Because QUICKI is the recip-
rocal of the log-transformed product of fasting glucose and insulin, itis
a dimensionless index without units.

Determination of Serum CRP, SAA, IL-6, Soluble
Intracellular Adhesion Molecule-1, and Soluble
Vascular Adhesion Molecule-1

Serum CRP, IL-6, soluble intracellular dhesion molecule-1 (sICAM-
1), and soluble vascular adhesion molecule-1 (SVCAM-1) were mea-
sured in duplicate using enzyme-linked immunosorbent assay (ELISA)
kits purchased from Diagnostic Systems Laboratories and R&D Sys-
tems (Minneapolis, MN). SAA was also measured in duplicate with an
ELISA kit purchased from Antigenix America (Huntington Station,
NY). According to the manufacture’s inserts, these assays have coef-
ficients of variation + 3%.

Satistical Analysis

Statistical analyses were performed with Graph Pad Prism (Graph-
Pad, San Diego, CA). Preintervention and postintervention values were
compared using matched paired Wilcoxon signed-ranks tests for non-
parametric data and Student’s t test for normally distributed data. All
data are expressed as mean * SD unless otherwise noted. Figures are
graphed using box plots with median and interquartile ranges. A P
value of <.05 was considered statistically significant.

RESULTS
Fasting Lipids, Glucose, Insulin, and Anthropometry

Anthropometric and metabolic data are presented in Table 1.
Following the diet and exercise intervention, mean weight loss
was 2.91 + 1.08 kg (P < .01), resulting in a decrease in body
mass index (BMI) (P < .01), but subjects who were obese
(BMI >30 kg/m?) at the beginning of the program remained
obese. Total-C, LDL-C, HDL-C, TG, and total-C/HDL-C ratio
were all significantly decreased (P < .01). The 7% decrease in
LDL-C/HDL-C ratio did not reach significance (P = .1). There
were significant reductions in glucose (11%), insulin (26%),
and HOMA-IR (34%) (P < .01), whereas QUICKI increased
(6%).
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Fig 1. (A) Effect of diet and exercise intervention on serum con-
centration of serum CRP in postmenopausal women (N = 17), *P <
.01 post v pre. (B) Effect of diet and exercise intervention on serum
concentration of SAA in postmenopausal women (N = 18), *P < .01.
(C) Effect of diet and exercise intervention on serum sICAM-1 in
postmenopausal women (N = 20), *P < .05. Box plots demonstrate
median, 25th, and 75th percentile values.

Serum CRP, SAA, |L-6, sSICAM-1, and sVCAM-1

After the diet and exercise intervention, there was a decrease
in both markers of systemic inflammation (CRP: 2.62 + 2.3 to
143 = 09 mg/L, P < .01, Fig 1A; SAA: 517.4 = 346.2 to
327.8 £ 246.4 ng/mL, P < .05, Fig 1B). IL-6 did not change
(4.94 = 2.48t04.93 = 1.90 pg/mL). Additionally, there was a
significant reduction in sSICAM-1 (158.8 = 48.3 to 145.6 =
38.2 ng/mL, P < .05, Fig 1C). No change was found in
SVCAM-1 (670.2 = 245.7 to 678.8 = 205.6 ng/mL).

In the 5 women not on HRT, the responses were similar. The
only differences were alower CRP prior to the intervention and
no change in TG as a result of the intervention, most likely
attributable to low TG preintervention (107 mg/dL).

DISCUSSION

The present study investigated whether a high-fiber, low-fat
diet combined with daily aerobic exercise affects multiple CAD
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risk factors, such as lipids, inflammation, and cell adhesion in
postmenopausal women at risk for CAD, most of who were on
HRT. Postintervention, the women showed significant reductions
in body weight, BMI, metabolic parameters (serum lipids, glucose,
insulin, HOMA-IR), inflammatory proteins CRP and SAA, and
the CAM sICAM-1, yet all remained overweight or obese.

Inflammatory Markers

In the present study, diet and exercise reduced CRP by 45%.
CRP is an acute phase inflammatory protein, which is fre-
quently used as a marker of inflammation and has been shown
to be as stable as serum cholesterol12 and has a long half-life,
with no observable circadian variation.13 Elevation of CRP is
associated with increased risk of cardiovascular disease!* and
CAD risk in hedthy postmenopausal women.5¢ In addition,
elevated plasma CRP compounds the effect of dyslipidemia on
the risk of MI115 and may be a stronger predictor of cardiovas-
cular events than LDL-C.16 Elevated CRP is associated with
decreased nitric oxide bioavailability in human endothelia
cellst”18 and induces plasminogen activator inhibitor.2® Along
these lines, this diet and exercise intervention decreases plas-
minogen activator inhibitor20 and improves nitric oxide bio-
availability.2

Heilbronn et a22 reported a reduction in CRP after obese
women underwent a 3-month weight loss program using a
low-fat, caloric-restriction diet (1,360 kcal/d, 15% fat). Bastard
et a3 reported that IL-6, but not CRP, was reduced in obese
women associated with weight loss using a short-term, very—
low-calorie diet for 3 weeks. Differences between these studies
and the present study may be explained by the more intensive
lifestyle changes, including an exercise component, as well as
the type of foods consumed, which may have contributed to
CRP reduction. Using a 1,200 kcal, National Cholesterol Edu-
cation Program (NCEP) Step Il diet for 12 weeks, Tehernof et
a24 noted that CRP reduction was associated with weight loss;
a16% weight loss was associated with a 32% decrease in CRP.
In the present study, a 4% weight loss occurred with a 45%
decrease in CRP. Additionaly, these investigators?224 sug-
gested that adipose-tissue-secreted IL-6 may mediate the in-
creased CRP noted in obesity. If this pathway is involved in
regulating CRP production, one would expect a reduction in
IL-6 to parallel reductionsin CRP levels in obese patients with
weight loss. However, neither of the above studies measured
IL-6. No change in IL-6 was noted in the present study,
suggesting other regulators were involved in CRP reduction.
There are severa potential explanations for this finding. First,
the diet and exercise treatment lasted only 2 weeks, which may
not be a long enough time period to see a substantial decrease
in IL-6. Along these lines, Ziccardi et al2> showed that both
IL-6 and CRP decreased after 1 year of diet, exercise, and
behavioral counseling. Second, additional proinflammatory cy-
tokines or other factors may be involved in the transcriptional
control of CRP production at different stages of atherosclerotic
lesion development. Third, it is possible that soluble serum
IL-6 does not reflect the amount of membrane-bound IL-6.

Elevated SAA, another acute phase reactant, has been ob-
served in subjects at risk for future CAD.® There was a signif-
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icant reduction in SAA after the intervention. To our knowl-
edge, our study is the first to assess the effects of diet and/or
exercise on SAA. Ridker et al® noted that baseline levels of
SAA were higher among postmenopausal women who subse-
quently had cardiovascular events, and SAA was significantly
associated with risk of cardiovascular events even in the sub-
group of women with a mean LDL-C of 104 mg/dL, under-
scoring the importance of inflammation in women with low
cholesterol.
Lipids

The present study showed significant reductions in serum
lipids and insulin, which agrees with previous larger studies
using the same intervention for 3 weeks.2627 Evidence from
severa studies are consistent with the concept that high-fiber,
low-fat diets reduce total-C and LDL-C, suggestive of de-
creased CAD risk, as reviewed by Kromhout et a.” The de-
crease in HDL-C is similar to earlier reports using the same
intervention,26:27 as well as studies by Brinton et al28 using a
low-saturated fat, low-cholesterol diet. However, the decrease
in HDL-C was coupled with larger reductions in both LDL-C
and total-C, thus reducing the total-C:HDL-C and LDL-C:
HDL-C ratios. Additionally, it is now apparent that during an
acute phase response HDL is proinflammatory, independent of
the level of HDL-C.29-31 |n a study of 27 patients with normal
levels of plasma HDL with angiographically documented cor-
onary atherosclerosis, Navab et al32 observed that the HDL
from the patients was not protective against LDL oxidation.
Although at a population level, higher plasma HDL levels are
associated with lower risk for coronary atherosclerosis, at an
individual level, the HDL function may be more important than
plasma HDL levels and may be related to inflammation.

Adhesion Molecules

Adhesion and transendothelial migration of circulating leu-
kocytes into the vessedl wall involves various CAMs and is
thought to be a critical step in early atherogenesis. Proinflam-
matory cytokines and oxidized LDL activate the endothelium
and induce the expression of adhesion molecules that are cru-
cial to the recruitment of inflammatory cells to the vessel wall.
These adhesion molecules are released in soluble form into the
bloodstream from proteolytic cleavage of membrane bound
molecules and thus are considered to be markers of endothelial
cell activation and inflammation.33 Oxidized LDL may upregu-
late the expression of CAMs by endothelial cells, elevating
serum sICAM-1 and E-selectin, but not sVCAM-1.34 We hy-
pothesized that levels of both SICAM-1 and sVCAM-1 would
decrease in response to the diet and exercise intervention. This
supposition was based on earlier observations by Beard et a,35
who found reductions in the rate of formation of conjugated
dienes and the peak value for them during in vitro LDL oxi-
dation in response to this diet and exercise intervention. The
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present study found a significant reduction in serum levels of
SICAM-1. Ziccardi et a2 noted decreased sICAM-1 and
SVCAM-1 after 1 year of diet, exercise, and behaviora coun-
seling in obese women. The lack of response of sSVCAM-1 in
the present study may be due to the short duration of the
intervention or membrane bound VCAM-1 levels may change
in response to diet and exercise, but cannot be detected by the
serum ELISA assay used.

Potential Mechanisms

The mechanisms responsible for the observed reductions
noted in the present study may be due to direct effects of the
intervention. This intervention has previously been docu-
mented to improve coronary flow reserve,3¢ insulin sensitivity,
blood pressure, oxidative stress, and nitric oxide availability.2t
The reduction in serum total-C and LDL-C is primarily due to
the increase in fiber and decrease in fat intake,” respectively,
and the reduction in TG is due to both the exercise3” and the
substitution of unrefined carbohydrates for saturated fat.38 The
reduction in inflammation may be related to attenuation of
oxidative stress, as fruits and vegetables have been demon-
strated to possess anti-inflammatory activities.3® The addition
of vegetables to the diet has been shown to reverse the increase
in slCAM-1 and sVCAM-1 induced by high-fat meal consump-
tion.40 The exercise component may have contributed to the
reduced CRP, as higher levels of physical activity are associ-
ated with reduced inflammation.4* One limitation of the present
study is that we cannot determine which component(s) of the
intervention were responsible for the individual changes noted.
However, currently both diet and exercise are recommended for
optimal health.

Conclusions

This study is the first to document that even a short-term
regimen of a high-fiber, low-fat diet combined with daily
aerobic exercise, results in significant reductions in serum
lipids, soluble CAM, and inflammatory proteins in postmeno-
pausal women at risk for CAD, most of who were on HRT.
Based on the changes noted, this intervention may provide an
important immediate reduction in risk for an acute event. The
changes observed appear to be largely independent of weight
loss, as the magnitude of weight loss was minimal, no corre-
|ations were found between change in the parameters measured
and change in BMI or body weight, and the obese subjects
remained obese at the conclusion of the study. An intervention
of this type may be of clinical benefit for those desiring a
reduction in cardiovascular risk. The impressive response ob-
served in a relatively short period highlights the value of
intensive lifestyle modification in women at risk for acute Ml,
and if sustained, has the potential to mitigate the progression of
atherosclerosis and its clinical consequences. Larger trials us-
ing an intervention of this type are warranted.

REFERENCES

1. Grady D, Herrington D, Bittner V, et al: Cardiovascular disease
outcomes during 6.8 years of hormone therapy: Heart and estrogen/
progestin replacement study follow-up (HERS I1). JAMA 288:49-57,
2002

2. Risks and Benefits of Estrogen Plus Progestin in Healthy
Postmenopausal  Women: Principal results From the Women's
Health Initiative randomized controlled tria. JAMA 288:321-333,
2002



DIET, EXERCISE, AND INFLAMMATION IN CAD

3. Keys A: Seven Countries: A mulitvariate Analysis of Death and
Coronary Heart Disease. Cambridge, MA, Harvard, 1980

4. Keys A, Parlin RW: Serum cholesterol response to changes in
dietary lipids. Am J Clin Nutr 19:175-181, 1966

5. Ridker PM, Buring JE, Shih J, et a: Prospective study of C-re-
active protein and the risk of future cardiovascular events among
apparently healthy women. Circulation 98:731-733, 1998

6. Ridker PM, Hennekens CH, Buring JE, et a: C-reactive protein
and other markers of inflammation in the prediction of cardiovascular
disease in women. N Engl J Med 342:836-843, 2000

7. Kromhout D, Menotti A, Kesteloot H, et al: Prevention of coro-
nary heart disease by diet and lifestyle: Evidence from prospective
cross-cultural, cohort, and intervention studies. Circulation 105:893-
898, 2002

8. Friedewald WT, Levy RI, Fredrickson DS: Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem 18:499-502, 1972

9. Laakso M: How good a marker is insulin level for insulin resis-
tance? Am J Epidemiol 137:959-965, 1993

10. Lansang MC, Williams GH, Carroll JS: Correlation between the
glucose clamp technique and the homeostasis model assessment in
hypertension. Am J Hypertens 14:51-53, 2001

11. Katz A, Nambi SS, Mather K, et al: Quantitative insulin sensi-
tivity check index: A simple, accurate method for assessing insulin
sensitivity in humans. J Clin Endocrinol Metab 85:2402-2410, 2000

12. Ockene IS, Matthews CE, Rifai N, et al: Variability and classi-
fication accuracy of serial high-sensitivity C-reactive protein measure-
ments in healthy adults. Clin Chem 47:444-450, 2001

13. Libby P, Ridker PM, Maseri A: Inflammation and atherosclero-
sis. Circulation 105:1135-1143, 2002

14. Ridker PM, Cushman M, Stampfer MJ, et a: Inflammation,
aspirin, and the risk of cardiovascular disease in apparently healthy
men [published erratum appears in N Engl J Med 337:356, 1997].
N Engl J Med 336:973-979, 1997

15. Ridker PM, Glynn RJ, Hennekens CH: C-reactive protein adds
to the predictive value of total and HDL cholesterol in determining risk
of first myocardia infarction. Circulation 97:2007-2011, 1998

16. Ridker PM, Rifai N, Rose L, et al: Comparison of C-reactive
protein and low-density lipoprotein cholesterol levels in the prediction
of first cardiovascular events. N Engl J Med 347:1557-1565, 2002

17. Verma S, Wang CH, Li SH, et a: A self-fulfilling prophecy:
C-reactive protein attenuates nitric oxide production and inhibits an-
giogenesis. Circulation 106:913-919, 2002

18. Venugopa SK, Devarg S, Yuhannal, et a: Demonstration that
C-reactive protein decreases eNOS expression and bioactivity in hu-
man aortic endothelial cells. Circulation 106:1439-1441, 2002

19. Devargj S, Xu DY, Jaa I: C-reactive protein increases plas-
minogen activator inhibitor-1 expression and activity in human aortic
endothelial cells: Implications for the metabolic syndrome and athero-
thrombosis. Circulation 107:398-404, 2003

20. Mehrabian M, Peter JB, Barnard RJ, et a: Dietary regulation of
fibrinolytic factors. Atherosclerosis 84:25-32, 1990

21. Roberts CK, Vaziri ND, Barnard RJ: Effect of diet and exercise
intervention on blood pressure, insulin, oxidative stress, and nitric
oxide availability. Circulation 106:2530-2532, 2002

22. Heilbronn LK, Noakes M, Clifton PM: Energy restriction and
weight loss on very-low-fat diets reduce C-reactive protein concentra-
tions in obese, healthy women. Arterioscler Thromb Vasc Biol 21:968-
970, 2001

381

23. Bastard JP, Jardel C, Bruckert E, et a: Elevated levels of
interleukin 6 are reduced in serum and subcutaneous adipose tissue of
obese women after weight loss. J Clin Endocrinol Metab 85:3338-
3342, 2000

24. Tchernof A, Nolan A, Sites CK, et a: Weight loss reduces
C-reactive protein levels in obese postmenopausal women. Circulation
105:564-569, 2002

25. Ziccardi P, Nappo F, Giugliano G, et a: Reduction of inflam-
matory cytokine concentrations and improvement of endothelial func-
tions in obese women after weight loss over one year. Circulation
105:804-809, 2002

26. Barnard RJ, Inkeles SB: Effects of an intensive diet and exercise
program on lipids in postmenopausal women. Womens Health |ssues
9:155-161, 1999

27. Barnard RJ: Effects of life-style modification on serum lipids.
Arch Intern Med 151:1389-1394, 1991

28. Brinton EA, Eisenberg S, Breslow JL: A low-fat diet decreases
high density lipoprotein (HDL) cholesterol levels by decreasing HDL
apolipoprotein transport rates. J Clin Invest 85:144-151, 1990

29. Van Lenten BJ, Hama SY, de Beer FC, et d: Anti-inflammatory
HDL becomes pro-inflammatory during the acute phase response. Loss
of protective effect of HDL against LDL oxidation in aortic wall cell
cocultures. J Clin Invest 96:2758-2767, 1995

30. Navab M, Hama SY, Ready ST, et a: Oxidized lipids as medi-
ators of coronary heart disease. Curr Opin Lipidol 13:363-372, 2002

31. Navab M, Van Lenten BJ, Reddy ST, et a: High-density li-
poprotein and the dynamics of atherosclerotic lesions. Circulation
104:2386-2387, 2001

32. Navab M, Hama SY, Anantharamaiah GM, et a: Norma high
density lipoprotein inhibits three steps in the formation of mildly
oxidized low density lipoprotein: Steps 2 and 3. J Lipid Res 41:1495-
1508, 2000

33. Frenette PS, Wagner DD: Adhesion molecules—Part 1. N Engl
J Med 334:1526-1529, 1996

34. Hulthe J, Fagerberg B: Circulating oxidized LDL is associated
with increased levels of cell-adhesion molecules in clinically healthy
58-year old men (AIR study). Med Sci Monit 8:CR148-152, 2002

35. Beard CM, Barnard RJ, Robbins DC, et a: Effects of diet and
exercise on qualitative and quantitative measures of LDL and its
susceptibility to oxidation. Arterioscler Thromb Vasc Biol 16:201-207,
1996

36. Czernin J, Barnard RJ, Sun KT, et a: Effect of short-term
cardiovascular conditioning and low-fat diet on myocardia blood flow
and flow reserve. Circulation 92:197-204, 1995

37. Oscai LB, Patterson JA, Bogard DL, et a: Normalization of
serum triglycerides and lipoprotein electrophoretic patterns by exercise.
Am J Cardiol 30:775-780, 1972

38. Anderson JW, Gustafson NJ, Bryant CA, et a: Dietary fiber and
diabetes: A comprehensive review and practical application. JAm Diet
Assoc 87:1189-1197, 1987

39. Middleton E Jr: Effect of plant flavonoids on immune and
inflammatory cell function. Adv Exp Med Biol 439:175-182, 1998

40. Giugliano D, Nappo F, Coppola L: Pizza and vegetables don’t
stick to the endothelium. Circulation 104:E34-35, 2001

41. Ford ES: Does exercise reduce inflammation? Physical activity
and C-reactive protein among U.S. adults. Epidemiology 13:561-568,
2002



	Effect of Diet and Exercise Intervention on Inflammatory and Adhesion Molecules in Postmenopausal Women on Hormone Replacement Therapy and at Risk for Coronary Artery Disease
	MATERIALS AND METHODS
	Diet and Exercise Intervention
	Determination of Serum Lipids, Insulin, and Glucose
	Determination of Serum CRP, SAA, IL-6, Soluble Intracellular Adhesion Molecule-1, and Soluble Vascular Adhesion Molecule-1
	Statistical Analysis

	RESULTS
	Fasting Lipids, Glucose, Insulin, and Anthropometry
	Serum CRP, SAA, IL-6, sICAM-1, and sVCAM-1

	DISCUSSION
	Inflammatory Markers
	Lipids
	Adhesion Molecules
	Potential Mechanisms
	Conclusions

	REFERENCES


