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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

Julia K. Wegge, Christian K. Roberts, Tung H. Ngo, and R. James Barnard

nflammation and the recruitment of monocytes into the artery wall are thought to be important aspects in the initiation and

rogression of atherosclerosis. The present study was designed to examine the effects of a rigorous diet and exercise

ntervention on plasma lipids and inflammatory and circulating adhesion molecules. Twenty postmenopausal women at risk

or coronary artery disease (CAD) were placed on a high-fiber, low-fat diet, where food was provided ad libitum and daily

erobic exercise, primarily walking, was performed. In each subject, pre- and postintervention fasting blood was drawn for

erum lipid, insulin, glucose, C-reactive protein (CRP), serum amyloid A (SAA), interleukin-6 (IL-6) and both soluble (s)

ntracellular and vascular adhesion molecule (sICAM-1 and sVCAM-1) were measured. After 2 weeks, significant reductions

n body mass index (BMI) (P < .001), glucose (P < .05), insulin (P < .01), all serum lipids, and total cholesterol (total-C):

igh-density lipoprotein-cholesterol (HDL-C) (P < .01). Reductions in homeostasis model assessment for insulin resis-

ance (HOMA-IR) (P < .01), CRP (P < .01), SAA (P < .01) and sICAM-1 (P < .05) were noted, as well as an increase in the

uantitative insulin sensitivity check index (P < .05). Reductions were also noted in 5 women not using hormone replacement

herapy (HRT). No significant reductions were found in IL-6 or sVCAM-1 in response to the intervention. Overall, this

ntervention resulted in improved metabolic and lipid profiles, reduced inflammatory, and cell adhesion molecules in

ostmenopausal women in the absence of caloric restriction. The rapid improvements may reduce the risk of acute

yocardial infarction (MI), and if sustained, these changes may mitigate the risk for atherosclerosis progression and its

linical consequences.
2004 Elsevier Inc. All rights reserved.
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THEROSCLEROTIC DISEASE is the leading cause
mortality in developed countries with coronary art

isease (CAD) being the number one killer of both men
omen. Women are generally protected from atheroscle
uring their early years, which is thought to be due, in par
ormonal differences. The American Heart Association
merican College of Physicians had recommended horm

eplacement therapy (HRT) for postmenopausal women t
uce the risk of CAD. However, the Women’s Health Initiat
as discontinued due to the increase in myocardial infar

MI), stroke, and breast cancer in women receiving estro
rogestin.1,2 As a result of the uncertainty of the risks/bene
ith HRT, there is an ever-increasing need for alterna

herapies that reduce the risk of CAD in postmenopa
omen.
Early clinical and epidemiologic studies established a

etween dietary saturated fat, dietary cholesterol, serum
esterol, and CAD mortality.3,4 Serum lipid levels alone, how
ver, cannot completely explain the incidence of atherosc
is. Attention has recently focused on the involvemen
nflammation in CAD, with numerous studies suggesting
levated C-reactive protein (CRP) is a sensitive predicto
AD and when considered in conjunction with plasma t
holesterol (total-C), serves as a better predictor of CAD
han cholesterol alone.5 Serum amyloid A (SAA), cytokine
uch as interleukin-6 (IL-6), and cell adhesion molec
CAM) are involved in the complex etiology of CAD.6 Given
vidence that diet and exercise modifications have been
ented to lower CAD risk,7 we hypothesized that an interve

ion consisting of a high-fiber diet, combined with daily ex
ise, would reduce inflammation and monocyte-endoth
nteractions in postmenopausal women at high risk for clin

utcomes associated with CAD.

etabolism, Vol 53, No 3 (March), 2004: pp 377-381
-

-

MATERIALS AND METHODS

iet and Exercise Intervention

The study protocol was approved by the Human Subjects Prote
ommittee, and informed consent of all subjects was obtained pr
nrollment. The subjects for this study were 20 postmenopausal w
age, 51 to 79 years) who voluntarily participated in the Prit
ongevity Center 14-day residential diet and exercise interven
ccording to clinical evaluation questionnaires, 15 of the women

aking estrogen/progesterone HRT and 4 were on statin therapy p
he study and remained on drug therapy. All had multiple risk fa
or CAD. Of the 20 women, 16 were overweight or obese, 1
reviously diagnosed with CAD alone, 5 were hypertensive, 3 had
diabetes, and 5 suffered from diabetes combined with hyperte
ix subjects were on vitamin supplements prior to the intervention

emained on them during the study.
Once enrolled in the program, participants underwent a com
edical history and physical examination and underwent a 14-da
nd exercise intervention. All subjects were free of any viral infec
uring the study (CRP� 10 mg/L). Meals were served buffet style, a
ll participants were allowed unrestricted eating except for the m
hen 31⁄2 oz of fish or fowl were provided. Prepared meals conta
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378 WEGGE ET AL
0% to 15% of calories from fat (polyunsaturated/saturated fatty acid
atio � 1.24), 15% to 20% of calories from protein, and 65% to 75%
f calories from carbohydrates, primarily unrefined. Carbohydrates
ere in the form of high-fiber whole grains (�5 servings/d), vegetables

�4 servings/d), fruits (�3 servings/d). Protein was primarily derived
rom plant sources with nonfat dairy allowed for up to 2 servings/day.
ish or fowl was served in 31⁄2 oz portions 1 day per week and in soups
r casseroles 2 days per week. The diet contained �100 mg/d choles-
erol, and alcohol, tobacco, and caffeinated beverages were not allowed
uring the program.
Prior to starting the exercise training, subjects underwent a graded

readmill stress test according to a modified Bruce protocol to deter-
ine the appropriate individual level of exercise intensity. Based on the

esults, the subjects were provided with a training heart rate value and
iven an individualized walking program. The exercise regimen con-
isted of daily walking at the training heart rate for 45 to 60 minutes.
he training heart rate was defined as 70% to 85% of the maximal heart

ate attained during the treadmill test.
Twelve-hour fasting blood samples were drawn from the subjects in

acutainers (Becton-Dickinson Vacutainer Systems) containing serum
eparation tube (SST) clot activating gel between 6:30 AM and 8 AM on
ays 1 and 14 of the regimen. The blood was transported on ice to the
aboratory, and the serum was separated by centrifugation and stored at

80°C until analyzed.

etermination of Serum Lipids, Insulin, and Glucose

Total-C, high-density lipoprotein-cholesterol (HDL-C), and triglyc-
ride (TG) levels were measured using standard enzymatic procedures
n an Olympus Autoanalyzer (Quest Laboratories, Teterboro, NJ). The
ow-density lipoprotein-cholesterol (LDL-C) was calculated as follows:
DL-C � total-C � [HDL-C � (TG/5)], as described by Friedewald et
l,8 except when TG values were �400 mg/dL. Glucose concentration
as determined using standard enzymatic procedures on the Olympus
utoanalyzer. Fasting insulin concentration was measured by radioim-
unoassay (Diagnostic Systems Laboratories, Webster, TX). Insulin

esistance was evaluated using homeostasis model assessment
HOMA-IR), which has been utilized and correlated with insulin sen-
itivity by the hyperinsulinemic-euglycemic clamp.9,10 HOMA-IR was
alculated as [fasting insulin (�U/mL) � fasting glucose (mmol/L)]/
2.5. Quantitative insulin-sensitivity check index (QUICKI)11 is deter-
ined from a mathematical transformation of fasting blood glucose and

lasma insulin levels and has been shown be to a surrogate for insulin

Table 1. Anthropometric and Metabolic Parameters in Postmen

Preinterve

Body weight (kg) 84.4 �

BMI (kg/m2) 32.2 �

Blood glucose (mg/dL) 122.9 �

Insulin (�U/mL) 13.5 �

HOMA-IR 4.6 �

QUICKI 0.32 �

Total-cholesterol (mg/dL) 214.9 �

LDL-cholesterol (mg/dL) 119.0 �

HDL-cholesterol (mg/dL) 62.9 �

Total-cholesterol/HDL-cholesterol 3.63 �

LDL-cholesterol/HDL-cholesterol 2.1 �

Triglycerides (mg/dL) 159.7 �

NOTE. All data are expressed as mean � SD, N � 20.
Abbreviations: HOMA-IR, homeostasis-model assessment for insul
*P � .01 post v pre.
ensitivity that correlates well with the minimal model and the hyper- (
nsulinemic-euglycemic clamp. QUICKI � 1/[log(fasting insulin (�U/
L)) � log(fasting glucose (mg/dL))]. Because QUICKI is the recip-

ocal of the log-transformed product of fasting glucose and insulin, it is
dimensionless index without units.

etermination of Serum CRP, SAA, IL-6, Soluble
ntracellular Adhesion Molecule-1, and Soluble
ascular Adhesion Molecule-1

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

tatistical Analysis

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

RESULTS

asting Lipids, Glucose, Insulin, and Anthropometry

Anthropometric and metabolic data are presented in Table 1.
ollowing the diet and exercise intervention, mean weight loss
as 2.91 � 1.08 kg (P � .01), resulting in a decrease in body
ass index (BMI) (P � .01), but subjects who were obese

BMI �30 kg/m2) at the beginning of the program remained
bese. Total-C, LDL-C, HDL-C, TG, and total-C/HDL-C ratio
ere all significantly decreased (P � .01). The 7% decrease in
DL-C/HDL-C ratio did not reach significance (P � .1). There
ere significant reductions in glucose (11%), insulin (26%),

nd HOMA-IR (34%) (P � .01), whereas QUICKI increased

al Women Undergoing a 14-Day Diet and Exercise Intervention

Postintervention % Decrease

81.5 � 13.9* 4
30.7 � 1.2* 4

109.3 � 18.5* 11
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* 11
1.9 � 0.8 7

135.5 � 57.3* 15

istance; QUICKI, quantitative insulin-sensitivity check index.
opaus

ntion

14.6
1.5
38.5
10.1
4.3
0.03
35.5
29.0
18.5
1.01
0.8
70.1

in res
6%).
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379DIET, EXERCISE, AND INFLAMMATION IN CAD
erum CRP, SAA, IL-6, sICAM-1, and sVCAM-1

After the diet and exercise intervention, there was a decrease
n both markers of systemic inflammation (CRP: 2.62 � 2.3 to
.43 � 0.9 mg/L, P � .01, Fig 1A; SAA: 517.4 � 346.2 to
27.8 � 246.4 ng/mL, P � .05, Fig 1B). IL-6 did not change
4.94 � 2.48 to 4.93 � 1.90 pg/mL). Additionally, there was a
ignificant reduction in sICAM-1 (158.8 � 48.3 to 145.6 �
8.2 ng/mL, P � .05, Fig 1C). No change was found in
VCAM-1 (670.2 � 245.7 to 678.8 � 205.6 ng/mL).

In the 5 women not on HRT, the responses were similar. The
nly differences were a lower CRP prior to the intervention and
o change in TG as a result of the intervention, most likely
ttributable to low TG preintervention (107 mg/dL).

DISCUSSION

The present study investigated whether a high-fiber, low-fat

Fig 1. (A) Effect of diet and exercise intervention on serum con-

entration of serum CRP in postmenopausal women (N � 17), *P <
01 post v pre. (B) Effect of diet and exercise intervention on serum

oncentration of SAA in postmenopausal women (N � 18), *P < .01.

C) Effect of diet and exercise intervention on serum sICAM-1 in

ostmenopausal women (N � 20), *P < .05. Box plots demonstrate

edian, 25th, and 75th percentile values.
iet combined with daily aerobic exercise affects multiple CAD s
isk factors, such as lipids, inflammation, and cell adhesion in
ostmenopausal women at risk for CAD, most of who were on
RT. Postintervention, the women showed significant reductions

n body weight, BMI, metabolic parameters (serum lipids, glucose,
nsulin, HOMA-IR), inflammatory proteins CRP and SAA, and
he CAM sICAM-1, yet all remained overweight or obese.

nflammatory Markers

In the present study, diet and exercise reduced CRP by 45%.
RP is an acute phase inflammatory protein, which is fre-
uently used as a marker of inflammation and has been shown
o be as stable as serum cholesterol12 and has a long half-life,
ith no observable circadian variation.13 Elevation of CRP is

ssociated with increased risk of cardiovascular disease14 and
AD risk in healthy postmenopausal women.5,6 In addition,
levated plasma CRP compounds the effect of dyslipidemia on
he risk of MI15 and may be a stronger predictor of cardiovas-
ular events than LDL-C.16 Elevated CRP is associated with
ecreased nitric oxide bioavailability in human endothelial
ells17,18 and induces plasminogen activator inhibitor.19 Along
hese lines, this diet and exercise intervention decreases plas-
inogen activator inhibitor20 and improves nitric oxide bio-

vailability.21

Heilbronn et al22 reported a reduction in CRP after obese
omen underwent a 3-month weight loss program using a

ow-fat, caloric-restriction diet (1,360 kcal/d, 15% fat). Bastard
t al23 reported that IL-6, but not CRP, was reduced in obese
omen associated with weight loss using a short-term, very–

ow-calorie diet for 3 weeks. Differences between these studies
nd the present study may be explained by the more intensive
ifestyle changes, including an exercise component, as well as
he type of foods consumed, which may have contributed to
RP reduction. Using a 1,200 kcal, National Cholesterol Edu-
ation Program (NCEP) Step II diet for 12 weeks, Tehernof et
l24 noted that CRP reduction was associated with weight loss;
16% weight loss was associated with a 32% decrease in CRP.

n the present study, a 4% weight loss occurred with a 45%
ecrease in CRP. Additionally, these investigators22,24 sug-
ested that adipose–tissue-secreted IL-6 may mediate the in-
reased CRP noted in obesity. If this pathway is involved in
egulating CRP production, one would expect a reduction in
L-6 to parallel reductions in CRP levels in obese patients with
eight loss. However, neither of the above studies measured

L-6. No change in IL-6 was noted in the present study,
uggesting other regulators were involved in CRP reduction.
here are several potential explanations for this finding. First,

he diet and exercise treatment lasted only 2 weeks, which may
ot be a long enough time period to see a substantial decrease
n IL-6. Along these lines, Ziccardi et al25 showed that both
L-6 and CRP decreased after 1 year of diet, exercise, and
ehavioral counseling. Second, additional proinflammatory cy-
okines or other factors may be involved in the transcriptional
ontrol of CRP production at different stages of atherosclerotic
esion development. Third, it is possible that soluble serum
L-6 does not reflect the amount of membrane-bound IL-6.

Elevated SAA, another acute phase reactant, has been ob-
6
erved in subjects at risk for future CAD. There was a signif-
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380 WEGGE ET AL
cant reduction in SAA after the intervention. To our knowl-
dge, our study is the first to assess the effects of diet and/or
xercise on SAA. Ridker et al6 noted that baseline levels of
AA were higher among postmenopausal women who subse-
uently had cardiovascular events, and SAA was significantly
ssociated with risk of cardiovascular events even in the sub-
roup of women with a mean LDL-C of 104 mg/dL, under-
coring the importance of inflammation in women with low
holesterol.

ipids

The present study showed significant reductions in serum
ipids and insulin, which agrees with previous larger studies
sing the same intervention for 3 weeks.26,27 Evidence from
everal studies are consistent with the concept that high-fiber,
ow-fat diets reduce total-C and LDL-C, suggestive of de-
reased CAD risk, as reviewed by Kromhout et al.7 The de-
rease in HDL-C is similar to earlier reports using the same
ntervention,26,27 as well as studies by Brinton et al28 using a
ow-saturated fat, low-cholesterol diet. However, the decrease
n HDL-C was coupled with larger reductions in both LDL-C
nd total-C, thus reducing the total-C:HDL-C and LDL-C:
DL-C ratios. Additionally, it is now apparent that during an

cute phase response HDL is proinflammatory, independent of
he level of HDL-C.29-31 In a study of 27 patients with normal
evels of plasma HDL with angiographically documented cor-
nary atherosclerosis, Navab et al32 observed that the HDL
rom the patients was not protective against LDL oxidation.
lthough at a population level, higher plasma HDL levels are

ssociated with lower risk for coronary atherosclerosis, at an
ndividual level, the HDL function may be more important than
lasma HDL levels and may be related to inflammation.

dhesion Molecules

Adhesion and transendothelial migration of circulating leu-
ocytes into the vessel wall involves various CAMs and is
hought to be a critical step in early atherogenesis. Proinflam-
atory cytokines and oxidized LDL activate the endothelium

nd induce the expression of adhesion molecules that are cru-
ial to the recruitment of inflammatory cells to the vessel wall.
hese adhesion molecules are released in soluble form into the
loodstream from proteolytic cleavage of membrane bound
olecules and thus are considered to be markers of endothelial

ell activation and inflammation.33 Oxidized LDL may upregu-
ate the expression of CAMs by endothelial cells, elevating
erum sICAM-1 and E-selectin, but not sVCAM-1.34 We hy-
othesized that levels of both sICAM-1 and sVCAM-1 would
ecrease in response to the diet and exercise intervention. This
upposition was based on earlier observations by Beard et al,35

ho found reductions in the rate of formation of conjugated
ienes and the peak value for them during in vitro LDL oxi-

ation in response to this diet and exercise intervention. The i
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